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TRUE GEOTHERMAL ENERGY COMPANY 
895 WEST ~IVER CROSS ROAD 
February 1, 1989 
Department of Land & Natural Resources (DLNR) 
State of Hawaii 
P.O. Box 621 
Honolulu, Hawaii 96809 
Dear Sirs: 
Phone (307) 237-9301 
P.O. Box 2360 
Casper, Wyoming 
82602 
Subject: Geothermal Exploration Activities in the Kilauea 
Middle East Rift Zone (KMERZ) 
The Board of Land & Natural Resources in a Decision & 
Order (D&O) of April 11, 1986, authorized exploration and 
development of geothermal resources on Campbell Estate 
property, Island of Hawaii, Puna District, TMK 1-2-10:3. 
The D&O prescribed procedure , data requirements and 
preparation of plans relate to abated venting of 
geothermal wells, meteorolo ical, air and noise 
monitoring, biological and a haeological surveys, and 
emergency plans, which were to be submitted to the 
Department of Land & Natural Resources for ministerial 
approyal 1 Aq:;o,..gj gg]~ {:1,.1 IOf ~he foregoing data 
requirements and plans e_r o~ai~d in Ape,endices "A" 
through "F" and are submit eo erewf'fli for approval. 
Modification of the D&O pres ribed procedures on "abated 
venting" is required in orde to permit, as a standard 
industry procedural and tech ical requirement, the flow 
testing of each geotherma well that intersects a 
reservoir on a continuous basis for up to 30-45 days. The 
flow testing must be accomplished in the normal open-flow, 
well-production and operational mode in order to properly 
and accurately measure and evaluate the resource and the 
reservoir characteristics. This analysis is the basis for 
determining whether or not a geothermal reservoir is 
capable of producing and sustaining at open-flow rate 
sufficient geothermal energy to enable economic generation 
of electricity over the 25-30 year life of a power plant. 
Equally critical is the need to avoid the periodic 
shutting down or significant changes in flow rates of a 
geothermal well because of the resulting thermal shocks 
and damage which would accrue to the well bore and 
cementing. 
Department of Land & Natural Resources 
Page Two (2) 
February 1, 1989 
There is no reasonable alternative known to be feasible in 
the industry that would allow reservoir analysis to the 
degree of accuracy that is necessary to justify the 
commitment and expenditure of millions of dollars for a 
power plant to utilize the resource. Flow testing is 
conducted under abated venting procedures which limit 
emissions to prescribed standards. Therefore, . in 
accordance with D&O, the DLNR is requested to modify the 
restrictions imposed in the D&O which do not allow abated 
venting to be conducted on a continuous basis which' is 
required in the 30-45 days of flow testing of each 
successful well and which is required to avoid serious 
damage to a geothermal well bore if the resource flow rate 
is periodically required to be shut down or significally 
changed. 
Very truly yours, 
TRUE GEOTHERMAL ENERGY COMPANY 
(Operator for True/Mid-Pacific 
Geothermal Venture) 
-
Partner 
Appendices: "A" Management Plan 
"B" Air Quality and Meteorological Monitoring 
Plan 
"C" Noise Monitoring Plan 
"D" Biological Survey Report 
"E" Archaeological Survey Report 
"F" Emergency Plan 
cc: Mid-Pacific Geothermal, Inc. 
Estate of James Campbell 
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Management Plan 
1. Access and Parking Control. A gate will be installed at the road 
entrance to the Campbell Estate Property at the juncture of the State road 
easement and the project site access road. Access will be limited to Project 
Personnel, officials of government agencies having regulatory responsibilities 
and such other visitors that may be admitted by project management. Since 
there is a potential for emissions of H2s to exceed safe exposure levels 
during drilling, testing and venting, requiring immediate use of a full face 
gas mask by personnel at the drill site, no person with a beard will be 
allowed at the site during these operations. All non-project personnel 
admitted to the project site will be escorted by project personnel. A limited 
vehicle parking area will be prepared at the entrance to each drill site for 
utility vehicles and vehicles of project personnel and authorized visitors. 
2. Safety. This section describes the over all policies of the 
Operator on safety which are designed to maintain the highest level of safety 
possible during project activities associated with exploration and development 
of geothermal resources. Also included is a description of potential events 
that could disrupt operations, cause injury or loss of life, or create health 
hazards and the additional measures and actions that will be taken to minimize 
the potential for such impacts. 
Safety Policy. True Geothermal Energy Company, as operator, 
considers safety as one of its highest priorities. The company safety policy 
states that: 
"True, owners, management and middle management, firmly believe that 
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the continued success of any organization, or the successful completion of any 
project, can be achieved if it is done safely. 
We realize the need to have quality people who have a positive 
attitude toward doing their jobs safely, with proficiency and with great 
concern for the safety and health of fellow workers. 11 
In order to promote safety awareness, management is committed to a 
program of regular safety meetings at least once a month, for both the field 
and office staffs. At these meetings, personnel will receive training and 
lectures on the proper methods to handle hot valves, wellheads, pipelines, and 
bleed lines so that they will not become a source of injury. In addi.tion to 
heat, H2s safety will be emphasized. Personnel will be trained to use the 
emergency breathing equipment and recognize the danger signals of the presence 
of high levels of H2S. First aid and C.P.R. sessions will be held 
periodically. Regular updates to the evacuation plans will be presented. A 
pyramid telephone calling system will be utilized to notify personnel of an 
evacuation order. 
Many incentives are offered for safety such as monthly glove awards, 
yearly coverall awards, and yearly personal awards for drillers and 
tool pushers. 
Specific Safety Considerations Related to the Well-Bore and Drill 
~· The drill rig will be equipped with proper blowout prevention equipment 
to prevent uncontrolled release of well fluids from the well-bore. Blowout 
prevention is approached from four aspects: proper equipment, proper mud 
weight, proper training, and experienced supervision. Equipment currently 
being recommended are ram-type preventers with blind and pipe rams and 
bag-type preventers. Also essential to blowout prevention is proper cementing 
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of intermediate strings of casing and the use of appropriate mud weights to 
balance reservoir pressure so that drilling will be under controlled 
conditions. For example, a mud weight that is too light may speed drilling, 
but could be inadequate to suppress a sudden gas entry. 
All employees are and will continue to be instructed in the proper 
procedure for closing and opening blowout preventers (BoP•s) which will be 
hydraulically operated. Safety is stressed in all aspects of this type of 
operation. The operator has an on-the-job training program using video tapes 
and projectors pertaining to safety, BOP•s and maintenance, etc. (True 
Drilling Company has been awarded the International. Association of Dr.illing 
Contractors Safety Commendation Award for seven consecutive years.) 
Proper training of crews on how to recognize the symptoms of impending 
blowout conditions and how to correct these conditions is of utmost 
importance. An alert, experienced crew can handle all blowout conditions as 
part of their normal duties. If this is done, conditions should return to 
normal in a short time. The rig supervisor or pusher is responsible for 
training the crew and insuring that safe practices are followed. The pusher 
also makes sure that all equipment is properly maintained so that it will do 
its job when an emergency arises. 
Since high wellhead pressures have been reported on geothermal wells in 
the Kilauea east rift zone, all wellheads, valves,and pipelines will be 
designed to withstand at least 2000 psi. Because of the extreme heat and gas 
content of the well fluids, most equipment must be derated below their name 
plate value. It is intended that 2000 psi or higher rated equipment will be 
used to provide an acceptable margin of safety. 
In geothermal drilling, particularly while using air, drill pipe will 
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wear quite heavily. Thus, frequent inspections of each length of drill pipe 
are conducted to detect stress cracking, corrosion, and general wear and tear. 
All tool joints are beefed up to provide a heavier wall to guard against 
erosion due to abrasion from the well-bore cuttings. A magnetic particle 
inspection unit will be available on site for conducting periodic pipe 
inspections. In addition to drill pipe inspections, all casing is inspected 
twice, once at the supply source and once on site before being used. These 
inspections are essential to prevent defective pieces of pipe being installed 
and creating a potential source of leaks. 
Potential Hazards for Specified Events. The possible events, should 
they occur, that could create potential hazards to the health and safety of 
project personnel and other personnel within or near project activities are 
described below together with the actions that will be taken or planned in 
order to prevent or reduce the likelihood of such events occurring, or should 
they occur or not be preventable, to reduce the effects of the event on the 
health and safety of personnel that would be exposed to the event. 
1) Volcanic Eruptions. Such events occurring without warning (which is 
very unlikely) at, within or immediately adjacent to project activity sites 
could cause serious injury or loss of life to personnel should they be at the 
point of eruption. This potential hazard to personnel is reduced in direct 
proportion to the amount of time between a warning of impending volcanic 
activity and the event and the distance of the event from a project activity 
site. An eruption directly under or adjacent to a project site could also 
rupture or destroy pipelines between well heads and power plants causing 
venting directly to the atmosphere of geothermal fluid if the volcanic 
activity also damaged the well head assembly and automatic well shut-off 
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system. If there were faulting associated with the eruption which intersected 
a well bore, there could also be a rupture of the well bore. If the rupture 
were near the surface and didn•t seal itself off, it is possible there could 
be unabated venting to the atmosphere until an off-set well could be drilled. 
Eruptions not directly under or adjacent to a project site activity, even 
without warning, would pose far less hazard to personnel in the area. 
Preventive or Mitigating Actions. 
a) Establish and maintain continuous communications with the Hawaii 
Volcanoes Observatory to assure receipt of early warning of or impending 
eruption in the Kilauea East Rift Zone. 
b) Instruct personnel on procedures to follow on receipt of a warning 
of an impending eruption and on actions to take in the event of an eruption 
within or adjacent to a project activity site including designation of 
evacuation or escape routes and industry procedures on protecting and securing 
the well head in the face of a threatening lava flow when it is feasible to do 
so. 
c) Conduct an engineering analysis of each prospective drilling site 
and power plant site to be occupied, recognizing the potential of future 
eruptions at any point along the Kilauea East Rift Zone. When possible, sites 
will be selected to minimize the potential hazard of lava flows emanating 
uphill of project activity. In addition, the use of facility protection 
barriers, available high ground, and construction of facility platforms will 
reduce the hazards due to lava flowing into a project site. 
2) Earthquakes and Sudden Ground Movement Due to Faulting. Earthquakes 
associated with volcanic activity in Hawaii are of small magnitude and have 
caused little damage. Tectonic earthquakes are larger in magnitude and occur 
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along or near major fault lines. The largest earthquake of record in Hawaii 
occurred southwest of Kalapana in 1975 and registered a magnitude of 7.2. 
Sudden subsidence may occur as a result of volcanic or tectonic earthquake, 
collapsing lava tubes and pit craters, or from subsurface intrusions. Such 
subsidence could, under some conditions, cause damage to project facilities 
including the possible rupture of a well bore if a sub-surface fault 
intersected the well bore. The result of the event could be a casing leak or 
perhaps venting to the atmosphere of the well flow if the well didn•t seal 
itself off, in which case the venting would continue until an off-set well 
could be drilled to intersect the well below the rupture point. 
Surface faulting and subsidence could rupture steam pipelines, again causing 
temporary venting of the well flow into the atmosphere if the faulting or 
eruptive activity caused the well head automatic shut-off system to 
malfunction. 
Mitigating Measures. Analysis of past eruptions, often accompanied 
by cracking or subsidence near the vent area indicates there are areas in the 
rift zone where the potential for eruption is less than other areas. Siting 
of project facilities in such areas when possible can reduce the chances of 
eruptions and subsidence occurring at project sites so located. Siting of 
facilities outside the center of the rift zone when possible can significantly 
reduce the potential hazards of volcanic eruptions and accompanying subsidence 
and faulting. More predictable, the incorporation of design criteria into 
primary facilities and systems whose failure under such conditions could 
result in a health hazard, injury or loss of life will reduce the potential 
hazards of subsidence and earthquake activity in an active volcanic rift zone. 
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3) The Potential for Personnel to be Exposed to High Temperature 
Geothermal Fluids or Steam Under High Pressure. This potential hazard is 
increased in areas where personnel are working around pipelines, well heads, 
and tanks where space is restricted so as to prevent rapid movement or escape 
in the event of a rupture. 
Mitigation Measures. Personnel working in such spaces will be 
required to wear protective clothing and masks. Back-up personnel will be 
present in a position adjacent to the restricted space while personnel are 
occupying such spaces in the performance of their duties. 
4) Exposure to Chemicals Used in the Pollutant Abatement Systems. 
Personnel will be handling and mixing chemicals used in pollutant abatement 
systems and could be subject to overexposure that could cause injury or a 
health problem. Only experienced personnel will be utilized in this 
operation. 
Mitigating Measures. Personnel will be instructed on the nature and 
hazards of each chemical being used, the methods of proper handling, storage 
and mixing of the chemicals and emergency procedures in the event of accident 
or over-exposure. Emergency water sources will be located near the chemical 
storage and mixing area. Special articles of protective clothing appropriate 
for the chemicals used will be available and required to be worn for handling 
or mixing specified chemicals. Appropriate fire suppression equipment will be 
positioned at the chemical storage container. 
5) Possible Exposure to High (unsafe) Levels of Hydrogen Sulfide (H2S). 
The geothermal resources in Hawaii that have been discovered and analyzed 
indicate the presence of H2S at concentration levels in the range of 900 -
1300 ppm. While these concentrations are rapidly diluted on mixing with air 
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and/or as a result of the application of H2s abatement procedures, an H2s 
environment can be hazardous to personnel at or near the emission point unless 
adequate safety precautions are taken. During dri 11 i ng ope rat ions, H2s 
present in the geothermal resource would be emitted through the blooie line 
while drilling with air (after the reservoir is intersected), during venting 
of the well and during testing. H2s emissions would be abated during drilling 
and testing, but unabated during well venting. Unabated emissions could also 
occur as a result of a blow-out of the well bore. Lower concentrations of H2S 
gas have a sweet taste and the odor of rotten eggs and can be detected. 
Higher concentrations of H2S (100 ppm) can impair the sense of smell .in 2- 15 
minutes. Direct, continuous exposure to still higher concentration levels 
(500 ppm) over a period of 30 minutes to one (1) hour could cause lung 
paralysis and death. 
Mitigating Measures. Project personnel are instructed at regularly 
conducted safety meetings on the hazards of H2s as well as the proper 
procedures to be used during drilling, well completion and well testing which 
are designed to prevent uncontrolled emissions from the well bore. They are 
also instructed on how to use H2S detection and air breathing equipment. 
Respiratory protection equipment is always available on site to be used by 
project personnel and authorized visitors as may be required. (See Emergency 
Plan, Appendix 11 F", for H2S emergency procedures). 
6) Exposure to Excessive Noise Levels. Project personnel will be 
exposed to continuous noise levels in the range of 60-80 decibles and impact 
noises exceeding that level and occasional noise levels of up to 120 decibles 
when venting a well. 
Mitigating Measures. Project personnel will be required to have 
available and wear sound protection devices when in project areds generating 
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maximum noise levels. A noise monitoring/recording instrument will be 
maintained at the drilling site. 
7) Well Blowouts. A well blowout could occur below surface or at the 
well head. A blowout would result in the full or partial free flow of the 
high temperature, high pressure geothermal resource from the reservoir until 
it could be secured. Such an event could cause injury, or a health hazard, or 
create a nusiance if project personnel or nearby residents were exposed to 
excessive or nusiance levels of H2s. A blowout due to a well bore rupture 
below the surface or at the well head could take several days or longer to 
secure, the longer time depending on the depth of the rupture which ~auld have 
to be reached by off-set drilling. 
Very few geothermal wells have failed in the world-wide industry. 
Some of the few that have occurred were the result of improper well siting in 
areas susceptible to landslides; setting surface casing at a depth that is too 
shallow; cementing the surface casing in incompetent rock formations; or, due 
to errors in planning or executing the drilling medium (fluid) program. 
Mitigating t1easures. Continually improving industry standards are 
being applied by operators to further reduce the chances of a well blowout. A 
well trained crew and reliable equipment are the most important elements of a 
blowout prevention program and these two key elements will be used for this 
project. (See Application for Permit to Drill, submitted concurrently to 
DLNR) 
3. Drainage. Surface alterations to accommodate project operations will 
be designed to assure that normal area drainage patterns are not disturbed. 
4. Signs. 11 No-Trespassing 11 , hazardous warning and safety signs will be 
posted at applicable sites in the project area. 
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5. Lighting Provisions. Lighting for night operations will be designed 
and arranged to assure that such operations can be performed safely and 
efficiently. Bright light requirements can generally be directed or sheltered 
to limit any impacts outside of the project area. Because of the isolation of 
the project area, it is unlikely that lights will disturb any residential 
areas. Proper hazard lights will be installed on the top of the drill rig for 
aircraft that may overfly the project site. 
6. Changes in Landscape. The landscape will be altered in portions of 
the project area where clearing of the forest is required for drilling sites, 
roads and power plant sites. Land surface requirements for project operations 
are described in the Revised Environmental Impact statement and the 
supplemental EIS for this project. Metes and bounds description of all areas 
to be cleared will be submitted to DLNR prior to conducting any clearing 
operations. 
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DATED: 
-----
SUlvJNARY 
This document presents a basic plan for an a1r quality and 
meteorological monitoring program to support the increment~! 
explor~tion and development of the Kilauea Middle East Rift lone 
Geothermal Resource Subzone (GRS), Puno District, Island of 
Hawaii. The Air Quality and Meteorological Monitoring Plan is 
submitted separately for approval to the Director of the Hawaii 
Department of Health (DoH) who has the State's responsibility for 
implementing EPA aiL- quality regulations in Hawaii 
The plan addresses primarily the monitoring to be accomplished 
during the initial exploration phase of the project. After a 
resource discovery, and upon making a decision to proceed into 
the development ph~se in a specif1c area of the project site, any 
required changes and/or additions to the monitoring plan will be 
submitted to the Director, DoH for approval and to the Director, 
Department of Land and Natural Resources (DLNR) with the 
submission for approval of the development plan for a specified 
level of development. 
i 
The major components of the program for the exploration phase are: 
1. Design and implement a meteorological monitoring program to 
develop on-site data bases and to characterize drainage winds 
and potential stagnation zones in the project area as a basis 
for determining maximum impact areas for project emissions. 
2. Conduct air quality and meteorological monitoring in areas of 
maximum estimated impacts for well drilling, venting and 
testing to capture the potential maximum impacts of these 
intermittent sources. 
The monitoring program is consistent with the guidelines and 
requirements of the U. s. Environmental Protection Agency and will 
provide the information necessary to determine compliance of all 
phases of the project with the applicable ambient air quality 
standards. 
ii 
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1. Introduction 
This document presents a plan for an air quality and meteoro-
logical monitoring program to support the exploration phase 
of the incremental exploration and development of geothermal 
resources in the Kilauea Middle East Rift Zone Geothermal 
Resource Subzone (GRS), Puna District, Island of Hawaii. 
The Board of Land and Natural Resources (BLNR) approved, in a 
Decision and Order issued on April 11, 1986 a long-range plan 
for the exploration and development of geothermal resources 
in the Kilauea Middle East Rift Zone GRS. This long-range 
plan provides for the development of 100 megawatts (MW) of 
electrical generation capacity to serve first the needs of 
the Island of Hawaii and secondly for export to Oahu via a 
deepwater transmission cable. As provided in the Decision 
and Order, the initial phase of the project will be the 
exploration phase during which limited drilling and testing 
of up to 12 exploratory wells will occur over a period of 
approximately 2 years. The exploration phase will provide 
preliminary data on the presence, location and characteris-
tics of geothermal resources in the project area. The moni-
toring proposed for this initial increment of exploration 
will measure the air quality in the area of maximum estimated 
impacts due to emissions from drilling, venting and flow-
testing of the exploratory wells. 
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As shown in the following sections, the monitoring program 
will follow the guidelines of the U. S. Environmental Protec-
tion Agency where appropriate and will provide the informa-
tion necessary to demonstrate compliance with the applicable 
ambient air quality standards for the project activities 
described. The monitoring program will be updated and modi-
fied as appropriate in parallel with project development 
activities. 
2. Air Quality and Meteorological Monitoring Guidelines 
The Board of Land and Natural Resources Decision and Order 
(D&O) of April 11, 1986 requires that an Air Quality Monitor-
ing Program and Meteorological Monitoring Program be imple-
mented coincident with the start of drilling in the Kilauea 
Middle East Rift Zone Geothermal Resource Subzone (GRS). The 
Decision & Order specifies monitoring requirements and moni-
toring sites for the full 100 megawatt project and states 
that the Air Quality Monitoring Program will follow, where 
appropriate, U. s. EPA protocols and guidelines for monitor-
ing and quality assurance documentation. The D&O further 
requires that the developer meet all Federal, State and 
County air quality standards. Finally, the D&O provides that 
the air quality program may be modified as deemed necessary 
by DLNR based on information derived in the initial phase or 
phases of the project in order to address activities to be 
undertaken subsequent to such initial phases. 
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The Director of the Hawaii Department of Health has the 
responsibility to implement and enforce the regulations for 
the EPA air quality programs in Hawaii, including the moni-
toring requirements. Chapters 59 (Ambient Air Quality Stan-
dards) and 60 (Air Pollution Control) of Title 11 of the 
Hawaii Administrative Rules prescribe the air quality stan-
dards and rules for stationary sources of air pollutant 
emissions in the state. Subchapter 3 of Chapter 60, Hawaii 
Administrative Rules, pertaining to stationary emission 
sources, prvvides the basis for the air quality and meteoro-
logical monitoring programs described herein. Subchapter 4 
pertains to major stationery sources which, subject to addi-
tional criteria, may require an EPA PSD review concurrent 
with the application for Authority to Construct or Modify 
such an emission source. 
Geothermal wells do not meet the EPA criteria of major perma-
nent sources of emissions. Emissions from wells prior to 
being produced or "operated" occur only during a portion of 
the drilling and during venting and testing operations and 
only if the well encounters a geothermal resource. After 
testing is completed, the well is shut down until it is 
connected to a power plant as a supply-well. Any potential 
emissions from the well when "operated" will be controlled at 
the power plant in accordance with the requirements of the 
air quality permits for the power plant. Thus, the emissions 
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from well drilling, venting and testing and during operation 
as part of an operating power plant are not large enough to 
constitute a major source and, therefore, are not subject to 
EPA PSD review requirements. 
It is possible that a very large permanent geothermal power 
plant would qualify as a major source of emissions subject to 
the EPA PSD review requirements. The latest edition of the 
EPA monitoring guidelines (EPA, 1987) provides very detailed 
information on 1) the monitoring requirements during the 
preconstruction and post-construction phases of operations 
and 2) the criteria for determining the location and number 
of monitoring stations appropriate for a new, major emission 
source. 
Under PSD review procedures, preconstruction monitoring for a 
major new source is required in order to establish baseline 
(existing) air quality levels and meteorological conditions 
at the site of a new or modified emission source. The esti-
mated impacts of the new or modified permanent source would 
be added to the baseline levels and the totals would be 
compared to the applicable ambient air quality standards to 
assure that the emission control systems in the new or modi-
fied source are adequate to maintain national and state 
ambient air quality standards. Baseline air quality in the 
Kilauea Middle East Rift Zone GRS has been thoroughly charac-
terized in previous studies and the results of these studies, 
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including air dispersion models to estimate potential impacts 
of project activities are summarized in the EIS for the 
project. A summary report of prior air quality and meteoro-
logical monitoring for the Kilauea east rift zone, which 
includes the project site for which this plan is designed, 
was prepared for the State (DPED, dated July 31, 1985). An 
executive summary of this report is appended as Attachment 1. 
Post-construction monitoring for a new or modified permanent, 
major source may be required under PSD regulations to demon-
strate that the emissions from this source do not cause or 
contribute to a violation of any applicable ambient air 
quality standards. In order to demonstrate compliance, the 
post-construction monitoring must be done at the location of 
maximum total impacts. "Ambient air" is defined in federal 
regulations (40CFR50.1(e)) as that portion of the atmosphere 
external to buildings, to where the general public has ac-
cess. If the maximum modeled impacts are within an area 
excluded from ambient air (i.e., within the property boundary 
of a project), the monitor should be located downwind of the 
emission source at or near the property boundary. 
Selecting the correct location for a monitoring station for 
an area with multiple permanent emission points as may be 
applicable for this project in the future, requires careful 
analysis of the meteorological conditions in that area in 
relation to the characteristics and design and location of 
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the emission sources and pollutants being emitted. However, 
for the proposed initial exploration phase, there are no 
other sources present in the project area except for volcanic 
emissions, and these impacts have been characterized in the 
baseline air quality studies. 
During the initial exploration phase, the proposed project is 
a very limited operation with respect to creating a permanent 
new source. There will be only one temporary source emit- ~ 
ting at any one time during drilling and testing of wells. 
There will be only one well venting (i.e., emitting at an 
uncontrolled level) at any given time and then only for a 
maximum of eight hours. After venting, each well is flow 
tested for thirty to forty-five days using appropriate pollu-
tan~ and noise abatement systems. As subsequent exploratory 
wells are drilled and the geothermal resource is encountered, 
the testing period for these subsequent wells will be shorter 
and shorter. 
The following sections describe a monitoring program that is 
consistent with EPA protocols and guidelines and the nature 
of the incremental geothermal exploration and development 
activities that will occur in the project area. 
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• 
• 
3. overview of Monitoring Program 
A twofold monitoring approach will be taken in this program. 
During the exploration phase of the project, a continuous 
meteorological monitoring station will be located at Drilling 
Site A1 (See Figure 1). This will be supplemented by air 
quality and meteorological monitoring downwind of a drill 
site using a mobile monitoring van. When a decision is made 
to construct a permanent emission source (i.e., a power 
plant) for the production phase of the project, one or more 
permanent post-construction air quality monitoring stations 
will be established, as required, at the maximum impact 
area(s) to confirm that project emissions from the new perma-
nent source are in compliance with National and State stan-
dargs. 
During the exploration phase, the mobile monitoring van will 
be located as close as possible to the maximum estimated 
impact area for each of the drilling sites shown in Figure 1. 
The air quality monitoring systems will be operated when 
emissions from drilling occur. In addition, passive H2S 
monitors will be operated at a radius of approximately three 
thousand feet in the primary downwind directions from each 
drill site. Any potentially significant pollution episodes 
during drilling and testing would be detected by the opera-
tion of the mobile monitoring van and the passive H2S moni-
tors. 
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Standard U.S. EPA quality assurance documentation will be 
provided for the monitoring program as appropriate. Quarter-
ly reports will be submitted so that the status of the air 
quality can be regularly reviewed by regulatory agencies. 
4. Meteorological Monitoring 
The discussion of meteorology for the project area as pre-
sented in the project EIS identified possible stagnation 
zones due to night-time formation of small scale fronts 
between drainage winds and trade winds as a consideration in 
estimating potential air quality impacts. The project EIS 
also summarized the results of relevant studies on the mete-
orology for the area including data from monitoring at two 
downwind sites near the property boundary of the project 
site. The descriptions of meteorology in the project site 
were based on these data and on extrapolations from meteoro-
logical data along the Kilauea east rift zone and regional ~ 
stations. 
The initial, continuous meteorological monitoring station 
will be installed at the first drill site on a standard 10 
meter meteorological monitoring tower in order to obtain 
site-specific meteorological data. These data will be used 
throughout the exploration phase to identify maximum impact 
areas of emissions from drilling operations. Due to the 
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interplay between trade winds, local drainage winds, and the 
land-sea breeze phenomenon, the point of maximum impact 
cannot be accurately estimated without site specific meteoro-
logical measurements. The tower will be instrumented at the 
10 m level to obtain horizontal wind speed and direction, 
vertical wind speed and temperature. If a decision is made 
to proceed into a development phase, the cumulative data will 
be evaluated to determine whether the initial continuous 
monitoring station should be relocated in relationship to the 
planned power plant site, and to determine whether additional 
steps need to be taken to obtain more data on the extent and 
effects of drainage winds in the planned area of development; 
i.e., the use of a tethersonde to develop vertical profiles 
of wind speed, wind direction and temperature. Since there 
will be a time lapse of 16-20 months between the decision for 
the first increment of development and the initiation of 
power plant operations, there would be more than adequate 
time to complete this additional meteorological monitoring. 
The meteorological monitoring for the exploration phase will 
be conducted at Drilling Site Al (see Figure 1) since that 
area will be the base of operations for at least the first 
phase of exploration. The project area is currently undevel-
oped and there are no access roads, thus, the first access 
roads will be into the area around Drilling Site Al. 
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The monitoring system consists of Weather measure Model W203 
and W204 sensors, a Campbell Scientific multilogger model 
CR121 and a 10 meter tower. A back-up chart recorder will be 
added to the system. 
Radon monitoring will also be done as part of the continuous 
meteorological monitoring at the drill site. One track-etch 
radon monitor will be placed in a rain-shield housing at 
DSA1. The track-etch technique is a passive method. The 
three month sample exposure produced excellent results during 
the two and one-half years of baseline monitoring along the 
Kilauea East Rift and will be used in this monitoring pro-
gram. The radon monitors which will be used are manufactured 
by Terradex Corporation and have been routinely used world-
wide. 
Water catchment (rainfall) samples will be collected from 
-
• 
three downwind sites in neighboring residential communities ~ 
on a quarterly basis. Acid-cleaned polyethylene collection 
systems were used during the baseline monitoring and will be 
used in this monitoring program. The pH of the samples will 
be measured with a portable pH meter promptly after collec-
tion. Table 1 lists the anions which will be measured by the 
IC technique. 
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5. Air Quality Monitoring 
The continuous meteorological monitoring at drill site A-1 
will be supplemented with air quality and meteorological 
monitoring in the areas of maximum estimated impacts for well 
drilling, testing and venting using the mobile monitoring 
van. Because of the proximity of the first drill site to a 
residential property boundary (1.9 miles) and based on exist-
ing meteorological data indicating the possibility of pre-
vailing project site drainage winds in the direction of that 
boundary, the mobile monitoring van will be located initially 
along the access road between the drill site and the property 
boundary. As the on-site meteorological data base is expand-
ed, it would be used to refine the analyses used to identify 
areas of maximum impact due to well drilling and to relocate 
the mobile van as required. To be consistent with the defi-
nition of "ambient air", the monitoring van would always be 
located in a prevailing downwind-of-source direction in the 
area of maximum impact at or beyond the property boundary. 
The mobile monitoring station will monitor air quality and 
meteorological conditions for a minimum of one week before 
emissions commence from the well being drilled and continue 
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during drilling, venting and testing. These monitoring sites 
will probably not have power available and a propane genera-
tor will be used. Propane will be used as a fuel rather than 
diesel or gasoline, so that generator exhaust will not impact 
the monitoring instrumentation. 
The same basic approach used for air quality monitoring 
surveys conducted around Kahauale'a and the Puna Forest 
Reserve will be used in the program described here. For 
those parameters monitored, the same or equivalent in-
strumentation and analytical procedures will be used. The 
environmental parameters which will be measured with the 
mobile monitoring van are: 
Continuous ambient 502 concentrations. Hourly, and 
twenty-four hour averages will be tabulated and report-
ed. 
Continuous ambient H2S concentrations. Hourly and 
twenty-four hour averages will be tabulated and report-
ed. 
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Total Suspended Particulate (TSP) and PMlO concentra-
tions will be measured for twenty-four hour periods with 
high volume samplers. One sample will be collected 
every sixth day. This is a standard procedure used to 
insure that mean values calculated from the daily values 
are not biased (e.g., week days versus weekend days). 
Wind speed and direction will be measured continuously. 
Hourly and twenty four hour averages will be tabulated 
and reported. 
Continuous precipitation measurements will be made. 
Hourly and twenty-four hour totals will be tabulated and 
reported. 
Gaseous mercury concentrations will be measured. One 
twenty-four hour sample will be collected simultaneously 
with the particulate samples every sixth day. 
Sulfur dioxide and hydrogen sulfide measurements will be made 
with Meloy Laboratories (Columbia Scientific) or Thermo 
Electron Corporation sulfur analyzers or equivalent. The 
instrument used will be u.s. EPA-approved for ambient S02 
monitoring which can be utilized with ancillary components 
for H2S monitoring as well. These instruments provide a 
continuous record of atmospheric S02 and H2S concentrations 
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when interfaced with a data logger or chart recorder. Cali-
bration will be performed with a VICI Metronics permeation 
device or equivalent. Calibrations will be performed on any 
day the monitoring van is moved to a new site and weekly 
during the monitoring period. 
Particulate monitoring will be conducted with General Metal 
Works or Sierra (Andersen Samplers, Inc.) or equivalent 
high-volume samplers. The high-volume samplers are standard 
particulate monitoring instruments and have been used in 
numerous u.s. EPA monitoring programs. The samplers will be 
calibrated on a quarterly basis with commercially available 
orifice calibrators. Glass fiber filter media will be used 
with the high-volume sampler. The mass of particulate mate-
rial will be determined by weighing before and after sample 
collection. An analytical balance will be used with the 
high-volume glass fiber filters. Special numbered field 
transport containers will be used. 
Continuous wind speed and direction measurements will be made 
at the monitoring van with a recording wind speed/direction 
sensor system. A data logger and a back-up pressure sensi-
tive recorder will be used to record the wind speed and 
direction data. The instruments proposed to be used are 
manufactured by Qualimetrics, Inc. or an equivalent quality 
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manufacturer and consist of a 3-cup anemometer, an air foil 
vane, and a strip chart recorder. A folding seven meter 
tower is affixed to the monitoring van for the wind speed and 
direction sensors. 
Continuous rainfall records will be made at the monitoring 
van. A tipping bucket rain gage is attached to the roof of 
the monitoring van. The continuous rainfall measurements 
will be recorded with an interfaced seven-day event recorder. 
The instrument which will be used is manufactured by 
Qualimetrics, Inc. 
Total mercury vapor (elemental, inorganic compounds, and 
organometallic) samples will be collected at the monitoring 
van. A twenty-four sample will be collected simultaneously 
with the particulate samples. Pyrex glass wool/nitric acid 
sampling tubes or an equivalent technique will be used to 
capture the atmospheric mercury. The uv spectrophotometric 
technique will be used for the sample analysis. 
In addition to the mobile monitoring van located at the point 
of maximum estimated impact, eight VICI Metronics passive H2S 
monitors will be positioned at primary downwind directions at 
a distance of approximately 3,000 feet from the drill site. 
These passive monitors will be operated continuously while 
drilling activity is occurring. Week-long sampling periods 
will permit H2S detection limits of several ppbv to be ob-
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tained. By thus positioning the H2S passive monitors, 
average atmospheric H2S levels in all primary downwind direc-
tions from the drill site can be documented. 
6. Ancillary Data 
Several types of ancillary data will be compiled during the 
environmental monitoring program. These are: 
A log of exploration and development activities will be 
maintained by appropriate personnel. A special note will be 
made of all events that have the potential to affect the 
level of project emissions (e.g., well venting, shut down of 
well). This will permit a correlation to be made between 
pol~utant levels measured by the environmental monitoring 
instrumentation and specific exploration and development 
activities. Mitigation strategies can then be developed. 
This log will be included as an appendix in the environmental 
monitoring reports. 
A record of volcanic activity will be maintained since vol-
canic activity can significantly impact air quality. The 
weekly reports of volcanic activity published by the USGS 
Hawaiian Volcano Observatory which span the monitoring period 
will be included as an appendix in the environmental monitor-
ing reports. 
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Local rainfall data recorded as part of the National Weather 
Service network will be included as an appendix in the moni-
toring reports. Rainfall affects pollutant levels both 
directly (the scrub-out effect) and indirectly (pollen and 
spore production, and dust suppression). Relevant meteoro-
logical sites where rainfall records are currently kept 
include: Mountain View, Leilani Estates, Pahoa, and Kapoho 
Beach. Relevant rainfall measurements and daily wind direc-
tion observations have also been made by the National Park 
Service at Lae Apuki (near Kalapana) as part of their fire 
control program. 
Continuous wind speed and direction measurements are made at 
the HGP-A power plant. This data will be referenced in the 
environmental monitoring reports when such data are relevant. 
Numerous scientific investigations have been performed in the 
Kilauea East Rift area by scientists associated with the 
Hawaiian Volcano Observatory (USGS), the National Park Ser-
vice Research Center, the Mauna Loa Observatory, the HGP-A 
power plant, and the University of Hawaii. Should environ-
mentally relevant data, reports or publications become avail-
able during the monitoring program, they will be referenced 
and described in the monitoring reports. 
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7. Quality Assurance and EPA Monitoring Guidelines and Protocols 
Quality assurance documentation will be prepared following 
u.s. EPA guidelines. It will contain applicable components 
from "Guidelines and Specifications for Preparing Quality 
Assurance Project Plans, 1980, u.s. EPA, MERL/QA-2, EPA" 
(Table 2), with detailed standard operating procedures (SOPS) 
for all sampling, monitoring, and analytical procedures. The 
SOPs will follow where appropriate, EPA monitoring guidelines 
and protocols. A quality assurance report will be included 
as part of each quarterly environmental monitoring document. 
To the extent practical, u.s. EPA siting guidelines will be 
followed for criteria pollutant monitoring (40 CFR part 58 
Appendix E), for meteorological monitoring (EPA-600/4-82-060 
Volume 4) and for siting precipitation measurement systems 
(EPA-600/4-82-042a). 
8. Data Reduction and Reporting 
Quarterly reports will be prepared. Due to the length of 
time required for analyses and data reduction, the quarterly 
reports will lag the actual monitoring quarter by approxi-
mately two months. Tables 3 and 4 list the data that will be 
produced and included in the quarterly reports. 
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In addition to the environmental data that will be compiled 
in the reports, data interpretation and discussions will be 
presented. The quarterly reports will also contain: (1) a 
description and photo-documentation of the monitoring sites, 
(2) a quality assurance report and (3) ancillary data as 
discussed in Paragraph 7. 
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Table 1 
Anions in Rainwater Samples Analyzed by Ion Chromatography 
Anion Symbol 
1. Bromide Br-
2. Chloride Cl-
3. Fluoride F-
2-
4. Phosphate P04 
5. Nitrite N02-
..,. 
6. Nitrate N03-
2-
7. Sulfate S04 "' 
2-
8. Sulfite S03 
"' 
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Table 2 
Quality Assurance Content Requirements* 
1. Title Page 
2. Table of Contents 
3. Project Description 
4. Project Organization & Responsibilities 
5. QA Objectives for measurement data in terms of precision, 
accuracy, completeness, and comparability 
6. Sampling Procedures 
7. Sample Custody 
8. Calibration Procedures 
9. Analytical Procedures 
10. Data Analysis, Validation, and Reporting 
11. Internal Quality Control Checks 
12. Performance and System Audits 
13. Preventive Maintenance 
14. Specific routine procedures to be used to assess data 
precision, accuracy, and completeness 
15. Corrective Action 
16. Quality Assurance Reports to Management 
* from: Guidelines and Specifications for Preparing Quality 
Assurance Project Plans, 1980, U.S. EPA, MERL/QA-2 
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Table 3 
Environmental Data Set - Mobile Monitoring Station 
Parameter 
S02 
H2S 
Total Mercury Vapor 
TSP 
PM-10 Particles 
Wind Speed and 
Direction 
Precipitation 
Units 
ppbv 
ppbv 
ng/m3 
ug/m3 
ug/m3 
MPH and compass points 
inches 
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Data Points 
24 hour means 
1 hour means 
24 hour means 
1 hour means 
lllt' 24 hour integrated ·a 
24 hour integrated va 
24 hour integrated a 
1 hour means ~, 
frequency distribut c 
tabulations 
24 hour totals 
1 hour totals 
''" 
I 
1\J 
w 
I 
Table 4 
Environmental Data Set - Drilling Site A1 Monitoring Station 
Parameter Units 
Wind Speed and MPH and 
Direction 
Precipitation inches 
Radon pCi/1 
Rainwater Chemistry pH units 
degrees 
and ppm 
Data Points 
1 hour means 
frequency distribution tabulations 
1 hour means 
24 hour means 
Three month integrated values 
1 sample collected during active drilling 
uncertain sampling duration, 30 elements, 
8 anions and pH 
-~ ... -
' 
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Baseline Air Quality- Kilauea East Rift 
Executive Summary 
State of Hawaii 
Department of Planning and Economic Development 
James E. Houck, Ph.D., Principal Investigator 
Gerald 0. Lesperance, Program Administrator 
September 13, 1985 
ATTACHMENT 1 
APPENDIX 8 
Baseline Air Quality- Kilauea East Rift 
Introduction 
The Kilauea East Rift on the Island of Hawaii is the technically most 
promising area within the State of Hawaii for future geothermal development. 
However, the East Rift area also contains large tracts of pristine forests, 
comprises a portion of the Hawaii Volcanoes National Park, and is surrounded 
by several small communities and a number of residential subdivisions. The 
Kilauea East Rift is volcanically very active and naturally emits air 
pollutants normally associated with industrial sources. Extensive baseline 
air quality monitoring has been conducted along the East Rift to quantify 
pre-development concentrations of environmentally hazardous pollutants ·so that 
any future change in their concentrations which may occur due to geothermal 
development can be assessed. 
The report presented here is a summary of the results obtained from five 
recent baseline air quality studies. These are: 
Environmental Baseline Survey, Kilauea East Rift 
December, 1982, through December, 1983, study period 
Hawaii Department of Planning and Economic Development (OPED) 
Environmental Baseline Survey, Kilauea East Rift (Year Two) 
1984 study period 
Hawaii Department of Planning and Economic Development 
Remote Environmental Baseline Monitoring, Hawaii Volcanoes National Park 
1984 study period 
National Park Service 
Ambient Air Quality Monitoring Survey, Kahauale'a Geothermal Project 
February, 1984, through February, 1985, study period 
True/Mid-Pacific Geothermal Venture 
Ambient Air Quality Monitoring Survey, Puna Forest Reserve 
February and March, 1985, study period 
True/Mid-Pacific Geothermal Venture 
In addition to the data directly generated from these studies, a survey of 
data obtained from scientific research and other monitoring which have been 
done on the Island of Hawaii has been conducted. Relevant research performed 
by scientists associated with the University of Hawaii, the Hawaii Volcano 
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Observatory, the Mauna Loa Observatory; air quality monitoring conducted by 
the Hawaii Department of Health; and meteorological monitoring conducted by 
the National Park Service, Mid-Pacific Geothermal, Inc., the Thermal Power 
Company, and the National Weather Service have been incorporated into this 
report. 
Six environmental pollutant categories were identified as being most 
important for study and their baseline levels were documented. These were: 
(1) atmospheric particles, (2) sulfur dioxide gas, (3) hydrogen sulfide gas, 
(4) rainwater chemistry, (5) atmospheric mercury, and (6) radon activity. 
Each of the pollutant categories are impacted by volcanism and/or can be 
impacted by future geothermal development. In addition to the quantification 
of specific ambient pollutant levels, wind speed, wind direction, and rainfall 
data were also studied, as meteorological conditions influence atmospheric 
pollutant levels. 
The baseline study area comprises portions of the Ka'u and Puna Districts 
on the Island of Hawaii. Monitoring sites were select~d along the East Rift 
from the su~it of Kilauea Volcano to Cape Kumukahi; however, •aJor emphasis 
was placed on the area from the summit to Highway 130. The area along the 
Pohoiki Road, where geothermal exploration and development have occurred, was 
purposely avoided to prevent the possible contamination of baseline samples by 
geothermal emissions. Relatively little sampling or monitoring was conducted 
at the extreme lower end of the Rift near Cape Kumukahi because that area is 
considered to have a low potential for future geothermal development. 
The combined data base from the five environmental programs and from the 
meteorological monitoring that provides the basis for this executive summary 
is extensive. The data has been collected over a two and one-half year period 
and 1t includes: (1) approximately 17,000 hours of continuous sulfur dioxide 
(S02) gas measurements made at eleven locations, (2) one hundred and 
thirty-two integrated multi-day so2 gas samples collected at ten locations, (3) approximately 17,000 hours of continuous hydrogen sulfide (H2S) gas 
measurements made at eleven locations, (4) one hundred and thirty-two 
integrated, multi-day H2s gas samples collected at ten locations, (5) 
measurements from two hundred and seventy-five passive multi-day H2s 
monitors placed at thirty-six locations, (6) atmospheric particulate 
concentrations determined from more than 750 samples collected at twenty-one 
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locations, (7) analysis for thirty-four elements conducted on approximately 
510 particulate samples, (8) additional elemental, anionic, and carbon 
analyses conducted on subsets of the particulate samples, (9) measurements 
from fifty-seven continuous quarterly and monthly radon-222 (Rn222 ) monitors 
placed at eighteen locations, (10} pH, elemental, and anionic analyses 
(thirty-six eleaents and anions} conducted on fifty-one rainwater samples 
collected at fourteen locations. (11) additional trace eleaental analysis 
conducted on a subset of the rainwater samples, (12) ten elemental mercury 
vapor samples collected at seven locations, (13) fifty-six total mercury vapor 
samples collected at nine locations, (14) approximately 510 particulate 
mercury analyses on samples collected at twenty-one locations, (15) 
fifty-three integrated multi-day chlorine (CL2) gas samples collected a~ six 
locations, (16) over 60,000 hours of continuous wind speed and direction 
measurements made at fifteen locations, and {17) approximately 4,000 daily 
wind observations made at six locations. 
The executive summary presented here contains a brief discussion of 
current pollutant levels and meteorological conditions characteristic of the 
East Rift area. The reader is referred to the complete summary report 
document submitted to OPED (July 31, 1985) for detailed data compilations and 
for a description of the monitoring networks and of the methods used in the 
environmental studies. 
Atmospheric Particles 
Monitoring for total suspended particles (TSP), respirable particles and 
inhalable particles was conducted along the Kilauea East Rift. In addition to 
atmospheric concentration levels the chemical composition of the particles was 
studied. Respirable (less than 2.5 microns in aerodynamic diameter) and 
inhalable {less than 15 •icrons in aerodynamic diameter) are considered more 
injurious to human health than larger particles since they reach the gas 
exchange areas and the air conducting pathways of the lungs, respectively, and 
are routinely monitored for that reason. Total suspended particles (TSP) are, 
as the name implies, all particles that are in the atmosphere. Sampling for 
TSP by utilizing high-volume samplers is a well-established regulatory 
procedure. 
The atmospheric concentration of particulate material along the Kilauea 
East Rift has been found to be very low. The particulate concentrations 
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characteristic of the East Rift are much lower than mainland values and u.s. 
Environmental Protection Agency (EPA) standards. While average TSP, inhalable 
particulate, and respirable particulate concentration levels are all lower 
than mainland averages, most dramatic are the exceptionally low respirable 
particulate concentration values. These are probably due to the absence of 
major anthropogenic combustion sources (viz, fossil fuel combustion) on the 
Island of Hawaii. Of interest to the fact that secondary particles formed 
from volcanic fume are primarily in the respirable size range and considerable 
volcanic activity did occur during the sampling period. During more typical 
periods of less active volcanism, respirable particulate levels would 
ostensibly be extremely low. Oust from geological sources suspended by 
traffic, agricultural activity, and wind, as well as volcanic tephra, are 
primarily greater than 2.5 microns in size and is greatest during periods of 
low rainfall. During the study years of 1983 and 1984, rainfall along the 
East Rift was lower than normal. At the Hawaii Volcanoes National Park (HVNP) 
headquarters there was a 40 inch and 13 inch departure from the mean annual 
rainfall level of 108 inches during 1983 and 1984, respectively. At the 
community of Pahoa there was a 48 inch and a 18 inch departure from the mean 
annual rainfall level of 151 inches during 1983 and 1984, respectively. As 
with the respirable particles; TSP and inhalable particulate levels 
characteristic of the East Rift area during more typical years are probably 
even lower than those measured during the baseline studies. 
Elemental analyses were conducted on nearly all particulJte samples. 
Several observations could be made by studying the elemental data: (1) the 
elemental values make up a relatively small percentrage of the overall 
particulate mass, (2) elements associated with sea salt (sodium, magnesium, 
sulfur, chlorine, potassium, and calciu.), geological dust (aluminium, 
silicon, potassium, calcium, titanium, and iron), volcanic fu.e (sulfur and 
chlorine), smoke (carbon and potassium), and vegetative fragments 
(phosphorous) have the highest concentration levels, and (3) data for samples 
collected on the lower rift differ in a predictable way from data for samples 
collected on the upper rift. 
Organic compounds, oxide oxygen, and water of hydration together comprise 
the largest portion of the particulate mass. Oxide oxygen and water of 
hydration cannot be easily quantified. Many of the elements measured contain 
oxygen in the compounds in which they occur, and large amounts of water can be 
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expected to be associated with secondary volcanic fume particles and sea salt 
aerosol, especially in the high humidity environment typical of many locations 
on the rift. Organic carbon, elemental carbon, and carbonate carbon were 
measured in selected samples. The mass of organic compounds can be estimated 
from the mass of organic.carbon by using a multiplication factor of 1.7 which 
takes into consideration nitrogen, oxygen, and hydrogen contained in organic 
compounds along with the carbon. It was found that organic compounds do 
comprise a significant fraction of the particulate mass. In some cases more 
than half the aerosal mass can be attributed to the organic compounds. 
Chemical mass balance (CMB) source apportionment was conducted by 
mathematically comparing the average aerosol elemental data and the elemental 
data of particles originating from specific sources. The CMB modeling 
permitted the current sources of atmospheric particles to be estimated. 
Elemental data for road dust and volcanic tephra sources were directly 
obtained from samples collected on the Island of Hawaii. Other source data 
were obtained from reports of previous studies. While the impact of the 
particulate sources, as calculated by the CMB techni~ue, vary from site to 
site, the differences between the sites are understandable in light of their 
geographical locations. Lower Rift sites have a high sea salt impact, a minor 
volcanic impact, and little or no smoke impact. Upper Rift sites have a low 
sea salt impact, a high volcanic impact, and a moderate smoke impact. 
Atmospheric particles in both areas have a moderate dust component, a large 
vegetative material component (pollen, spores, and vegetative fragments), and 
a very small vehicular exhaust component. (It should be emphasized that the 
use of the terms high and large are relative and that the total atmospheric 
particulate levels are all low.) By examining the CMB results of respirable, 
coarse (2.5-15 microns), and TSP data, it was obvious that sea salt, dust, and 
vegetative particles were primarily greater than 2.5 microns and impacted the 
inhalable and TSP levels much more than the respirable particulate levels. In 
contrast, volcanic fume, smoke, and vehicular exhaust were more predominant in 
the respirable size {less than 2.5 microns) category. This finding is 
consistent with the general understanding that particles entering the 
atmosphere by physical processes are larger in size than those formed from 
combustion and other high temperature sources. 
In addition to CMB modeling, bivariant plots of elemental concentrations 
contained in ambient aerosols were helpful in determining the major sources of 
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particles. Aluminium and silicon are key components in geological material. 
When dust from geological sources is a measurable component in atmospheric 
aerosols, there is a high degree of correlation between the two elements. A 
high degree of correlation was found between those two elements in particles 
collected at all monitoring sites along the Kilauea East Rift. Similarly, 
sulfur (as sulfate) and chlorine (as chloride) are key components in sea 
salt. At lower Rift sites where sea salt impact was greatest, there was a 
high degree of correlation between these two elements, particularly in the 
coarse fraction. 
Particles originating from some sources are morphologically distinct and 
can be identified by microscopy. For example, photomicrographs of aerosol 
samples collected at the Royal Gardens Subdivision monitoring site (less than 
50 meters from the coastline) clearly showed the predominant sea salt 
particle~ which were mostly 30 to 50 microns in diameter. Photomicrographs of ~· 
aerosol samples collected at sites in areas of forest or agricultural activity 
frequently showed large vegetative bodies. 
The impact of volcanism is episodic and overall annual means are not 
particularly illustrative in assessing the volcanic impact on air pollutant 
levels. During the nearly two and one half years of baseline monitoring, 
there were thirty phases of the current Kilauea eruption series and a rare 
eruption of Mauna Loa. By contrasting average values during periods of active 
volcanism and during periods of no volcanic activity, it was seen that 
volcanic activity did not significantly contribute to atmospheric particulate 
levels in the lower Rift area, but it did impact the upper Rift area. 
Particulate mass, particulate sulfate, and particulate selenium concentrations 
were most noticeably increased due to volcanic emissions. 
Another and unexpected air quality impact of volcanic activity was 
measured during the first phase (January, 1983) of the current Kilauea 
eruption series. Apparently, the material emitted during this first phase was 
fractionated and was enriched in the more volatile chemical compounds; 
consequently, a dramatic atmospheric increase in transition and heavy metals 
contained in particles was noted during January, 1983. This phenomenon was 
seen during the OPED monitoring near the HVNP Visitors Center and by research 
scientists at the Mauna Loa Observatory. The high levels have not been 
observed during any subsequent eruption phases. 
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Sulfur Dioxide Gas 
Sulfur dioxide (S02) gas was considered as a high priority pollutant 
for baseline monitoring since it occurs at relatively high concentrations in 
volcanic fume and would be produced at low levels in the atmosphere by the 
natural oxidation of hydrogen sulfide emitted from geothermal sources. It 
would also be produced directly by the geothermal industry at moderate levels 
if a H2S incineration abatement system were used. Sulfur dioxide is 
associated with many industrial activities (viz, fossil fuel combustion and 
ore smelting} and is one of the principal mainland polluants responsible for 
acid rain and the formation of fine particles which cause visibility loss. 
During the majority of the time during the baseline studies, atmospheric 
concentrations of so2 were below several tenths of a part per billion by 
volume (ppbv} at locations upwind (under prevailing trade and drainage winds) 
of the major volcanic vents of Halemaumau and Pu'u 0. However, during periods 
of vigorous volcanic activity or during periods of unusual meteorological 
conditions, such as winds from the south, episodes of high concentrations, 
even exceeding the dynamic range of the instruments used, were recorded. 
Points downwind of the major volcanic vents do, of course, frequently have 
high atmospheric so2 concentrations. 
Due to the short-term episodic nature of high so2 concentrations, the 
U.S. EPA annual average standard (30 ppbv) is not likely to be reached. The 
u.s. EPA twenty-four hour standard (140 ppbv}, however, has been exceeded at 
upper rift sites~ Similarly by comparing mainland urban averages, it could 
also be seen that annual average values typical of industrialized areas are 
not likely to be reached in the upper rift area (except directly downwind and 
adjacent to Halemaumau or Pu'u 0), but maximum twenty-four hour values typical 
of urban areas can be exceeded due to active volcanism and/or unusual 
meteorological conditions. 
Sulfur dioxide odor and taste thresholds are often exceeded near the 
Kilauea summit, as any traveler to the area knows. Plant damage due to so2, 
particularly to introduced species, does occur. During active volcanic 
periods and/or under poor atmospheric dispersion conditions, short-term health 
impacts can be expected in residential areas. Documented long-term chronic 
relationships are less clear, especially in light of the unusual exposure 
' ~ \ 
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pattern to which residents of the area are subjected, i.e., short periods of 
high concentrations followed by long periods of trace ambient levels. 
Hydrogen Sulfide Gas 
Hydrogen sulfide (H2S) gas was considered as a high priority pollutant 
for baseline monitoring since it is the principal pollutant associated with 
geothermal power plants. It is also a minor component of volcanic fume and is 
produced naturally by anaerobic respiration. Its atmospheric half-life before 
it is oxidized to so2 is approximately five hours. While H2S is hazardous 
to human health and to the environment at high concentrations, at the low 
levels at which it is likely to be encountered due to geothermal development 
the major problem is nuisance odor. The human olfactory sensitivity to' its 
•rotten-egg• odor is exceptional. 
During the overwhelming majority of the time, the atmGspheric 
concentration of H2S was below several tenths of a ppbv at the baseline 
study sites. Very infrequently, concentrations in the 10-30 ppbv range were 
reached. As with so2, these high values were episodic, short-lasting in 
nature, and due to volcanic fume impact. The episodes measured at the HVNP 
Visitors Center were possibly due to the site's proximity to the Sulfur Banks, 
where an early exploratory geothermal well was drilled. Occasionally, H2s 
concentrations in the several ppbv range may occur locally at middle and lower 
rift zone areas due to anaerobic respiration. Water-logged, organic-rich 
soils, such as occur in much of the Puna District, aake ideal conditions for 
the production of H2S by anaerobic respiration. Such naturally produced 
H2s was measured at a monitoring site referred to as the Waikahekahe site. 
The Waikahekahe monitoring site was located on the large relatively recent 
pahoehoe flat that lies to the north of Pahoa. The flat is characterized by 
shallow soil, thick grass, and scattered, stunted ohia trees. After periods 
of heavy rain, the shallow soil becomes covered with water due to the poor 
drainage in the underlying pahoehoe lava. 
Rainwater Chemistry 
The chemical composition of rainwater is an i~ortant parameter to 
examine on the Kilauea East Rift for three primary reasons: (1) rain •scrubs• 
the atmosphere of pollutants and by doing so becomes contaminated with them, 
I ' f 
I ; , I 
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' '· ..... (2) acid gases and mists emitted by volcanoes will produce •acid rain,• the 
deleterious impact of which is a topical issue, and (3) many Rift residents 
use rainwater catchment as their source of drinking water. During the period 
from December, 1982, through March, 1985, over fifty rainwater samples were 
collected and analyzed. 
Three major factors influence rainwater chemistry along the Rift: (1) 
all rainfall in Hawaii has a tendency to be slightly acidic due to the long 
range transport of pollutants from industrialized mainland areas, (2) volcanic 
emissions locally acidifies rain and impacts its chemical composition, and (3) 
sea salt aerosol makes rain less acidic due to its bicarbonate content and 
also impacts the chemical composition of the rain. 
By contrasting the average chemical composition of rain collected at 
several sites, the impact of volcanic emissions and sea salt could be 
illustrated. A monitoring site near the Royal Gardens Subdivision was located 
less than fifty meters from the coastline and hence rain collected there was 
heavily impacted by sea salt. The major sea salt species (calcium, magnesium, 
potassium, sodium, strontium, chloride, and sulfate) were relatively higher in 
the rain collected there than in rain collected at any other site. A 
monitoring site on the Chain of Craters road was downwind of Pu'u 0. The 
major chemical species associated with volcanic fume (fluoride, chloride, and 
sulfate) and volcanic tephra (aluminium, calcium, iron, manganese, potassium, 
and silicon) were apparent in the chemical composition of the rain collected 
there. In rain collected at sites which were at greater distance from the 
coastline and which were not heavily impacted by volcanic emissions, the 
concentrations of the aforementioned chemical species were lower. 
The impact of sea salt is elevation-dependent on the Island of Hawaii. 
Using the average sodium concentration in rainwater samples collected for the 
baseline studies and in samples collected and analyzed in a previous 
scientific study, the decrease in the impact of sea salt with elevation could 
be graphically illustrated. 
The impact due to volcanism is also elevation-dependent mainly because 
the major volcanic vents and fumaroles are above 2,000 feet. Using pH as an 
indicator of volcanic impact, the increase in volcanic impact at about that 
elevation could be seen. 
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The pH of the Kilauea East Rift rainwater falls between literature values 
for polluted and unpolluted rain and the rainwater is more acidic than typical 
river water and the drinking water criteria acceptable range. The 
concentrations of the major chemical species in the Kilauea East Rift 
rainw~ter, however, are all much lower than literature values for unpolluted 
coastal rain and are also well below average river water values. River water 
is, of course, the source of drinking water for .uch of the world's 
population. The concentrations of sulfate, of nitrate, and of race elements 
except cadmium, lead and selenium were demonstrated as being below drinking 
water criteria levels. Rainwater cadmium and lead values may be below the 
drinking water criteria levels, but the analytical technique used for their 
analysis in rainwater was not sensitive enough to document that fact. 
Selenium concentration, while measured in only five s'amples, was above'the 
drinking water criteria value (0.01 ppm) in three of the samples (0.04-0.06 
ppm}. A possible secondary impact of the mild acidity characteristic of the 
Kilauea rainwater should be noted. Elevated concentrations of copper, lead, 
and zi~c may appear in catchment drinking water if copper pipes, lead solder., 
or galvanized (zinc) pipes or roofing are used in the catchment system. This 
exposure risk would be greater in the upper portions of the Rift where the 
acidity of the rainwater is higher. 
Mercury Vapor 
The toxicity of mercury and the devastating health impact of acute and 
chronic industrial exposures have historically been very well documented. 
Numerous mercury vapor measurements have been made on the Kilauea East Rift. 
Reported total mercury vapor (elemental, organometallic, and halide) values 
typically range from several ng/m3 to several hundred ng/m3• Temporal, 
spatial, and analytical differences are probably responsible for the range in 
values. Two opposing factors control mercury vapor on the Rift. The 
unpolluted atmosphere above the open ocean (i.e., the tradewinds) have a very 
low mercury content (less than 1 ng/m3). Volcanic fume, on the other hand, 
can contain hundreds to tens of thousands of ng/m3 of mercury. The degree 
of volcanic activity, the location of a given sampling site with respect to 
vents and/or geological features, and the meteorological conditions during 
sample collection can all alter the observed atmospheric .arcury 
concentration. It should also be emphasized that the measurement of any 
pollutant to the nanogram per cubic meter range should be viewed cautiously, 
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and the values reported should be considered order of magnitude values at 
best. (One nanogram is 0.000000001 gram and there are 454 grams in a pound. 
Stated another way, 1 ng/m3 is approximately one part in a trillion by 
weight.) 
In addition to total aercury vapor, elemental vapor and total particulate 
.ercury measurements have been made. The average elemental mercury vapor 
values ranged from 4 to 30 ng/m3• The average particulate mercury vapor 
values were less than or equal to the average uncertainties associated with 
the measurement technique (several ng/m3). During the Phase I eruption of 
Kilauea (January, 1983}, measurable particulate mercury concentrations were, 
however, observed (4 ng/m3 was the highest value). 
By comparing the ambient mercury values with values characteristic of 
other locations, it could be seen that values measured on the East Rift, 
except for the summit of Kilauea, are more or less typical of continental 
sites and dramatically lower than occupational health standards. The values 
reported for the Kilauea summit are reasonable in c~arison with the other 
volcanic values and are also lower than occupational health standards. 
The concern over atmospheric mercury appears at times to be excessive and 
should be placed in its proper perspective by doing a simple calculation. 
Assuming a 200 ng/m3 atmospheric concentration, a normal human lifetime of 
seventy years, a normal human inhalation rate of 20m3/day and assuming that 
all mercury in the air which is inhaled is absorbed, the amount of mercury 
•collected• by an individual over a lifetime can be easily calculated as being 
0.1 grams. It should also be emphasized that mercury is ubiquitous and that 
there are many other current pathways of exposure other than air. For 
example, virtually all individuals within the United States have dental 
fillings which are essentially a .. rcury-silver analgam, many medications 
contain mercury (e.g., mercurochrome), and unfortunately so do many foods. 
Radon Activity 
Radon-222 is a radioactive gas naturally formed from the decay of radium 
contained in geological materials. Radon-222 has a 3.8 day half-life and 
decays via an energetic alpha particle. Two of its daughter products 
(Polonium~218 and Polonium-214) also have very short half-lives (3.0 minutes 
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-4 ) and 1.6 x 10 seconds, respectively and also deay by energetic alpha 
particles. Due to the radioactivity of Radon-222 and its daughter products, 
and the fact that Radon-222 is a gas which can be inhaled, high Radon-222 
concentrations are injurious to human health. As with atmospheric .ercury, 
two opposing factors control the atmospheric radon content on the Kilauea East 
Rift. High radon emission rates are associated with volcanic areas. 
Conversely, air above the open oceans, such as constitutes the trade winds, 
has a very low radon activity {approximately 0.01 pCi/1). 
A total of fifty-seven passive radon monitors were located at eighteen 
different sites along the Rift during the two and one-half years of baseline 
monitoring. Two sites had significantly higher average radon activities than 
the others: the Napau Crater Site and the Kahauale'a Proposed Drill Site. 
During the OPED baseline study, the Napau Crater Site routinely had the 
highest quarterly radon activity among the six sites. Conversely, the high 
average calculated for the Kahauale'a Proposed Drill Site is due to a single 
. very high value (3.43 pCi/1) obtained when a monitor was placed over a fresh, 
still-hot lava flow to replace a monitor that was destroyed several weeks 
earlier by tne flow. The values obtained with monitors before the flow and 
the value obtained with a monitor installed after the high-level monitoring 
period, show that radon activities during those periods at the site were more 
or less typical of the Rift area as a whole. The high value obtained with the 
monitor above the fresh lava flow apparently was either due to the fresh lava 
emanating radon at a high rate or due to the emanation rate of the soil 
beneath the flow increasing as a result of being heated by the flow. The 
routine higher values obtained at the Napau Crater Site are understandable in 
light of the fact that the site is directly on the Rift and that the 
monitoring period for the OPED baseline study was December, 1982, through 
December, 1983. The January 3, 1983, eruption was only several hundred meters 
uprift of the sampling site. During the sampling period, the eruption moved 
down the Rift past and in line with the Napau Crater Site with some spattering 
occurring as close as 100 meters to it. Consequently, the Napau monitors were 
exposed to vigorous volcanic degassing. 
The lowest radon activity was measured at the Waikahekahe Site. This is 
consistent with the water saturated soil observed at the site. The emanation 
rate of radon from water saturated soil has been shown to be lower than that 
of drier soil since soil voids are filled with liquid rather than air under 
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saturated conditions. Radon, a gas, diffuses faster through another gas than 
through a liquid. 
The average radon activity levels ranged from 0.16 pCi/1 to 1.14 pCi/1 at 
the various monitoring locations on the Rift. If the Napau Site and the Drill 
Site are excluded, the range of values is from 0.16 pCi/1 to 0.52 pCi/1. The 
latter range is more representative than the former of the range of values to 
which the residents of the Rift area are exposed, since few people live for 
long periods directly over eruption sites or lava flows. The range in 
Radon-222 values along the Rift is more or less typical of mainland outdoor 
exposure values and is below standard levels. The Kilauea outdoor levels are 
also lower than values typical of many North American and European h~s. The 
build-up of indoor radon will not occur in typical Hawaiian homes, as it does 
in continental homes, due to the single-wall construction and high air 
exchange rates characteristic of most homes in Hawaii. The high build-up of 
radon in continental homes is principally due to low air exchange rates caused 
by intentional weatherization to conserve energy for heating and/or air 
conditioning, and due to simply keeping windows and doors closed during cold 
(or hot) weather. Most Hawaiian homes in the Puna and Ka'u Districts also 
have crawl spaces because of moisture and insect problems. Separation of 
homes from the soil by a crawl space was shown to markedly decrease the indoor 
radon activity in homes built in Florida above phosphate mining regions. 
Other Air Pollutants 
Three other air pollutants which merit discussion are: carbon monoxide 
(CO), nitrogen oxides (NOx)• and chlorine gas (C1 2). Even though CO and 
NOx are often major air contaminants in many airsheds, they were not 
considered as high priority pollutants for study on the Kilauea East Rift. 
They are primarily associated with industrial combustion sources, not 
geothermal activities. Their current atmospheric concentrations above the 
East Rift are unquestionably very low, although some CO is present in volcanic 
fu.e, some is produced by automobiles, and some is produced by industrial 
activity in the Hilo area. Three CO grab sa.ples were collected on the Rift 
in 1983. The sampling technique used was not very sensitive, and the data 
simply illustrates that the atmospheric CO concentrations were below u.s. EPA 
Standards. No nitrous oxide gas measurements were made during the baseline 
studies; however, nitrate (N03) and nitrite (N02) concentrations were 
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measured in selected particulate samples and in all rainwater samples. 
Nitrite was below the analytical detection limits in all particulate and 
rainwater samples. Nitrate, on the other hand, occurred at low, but 
measurable, concentrations in the particulate and rainwater samples. 
Multi-day sampling was conducted for chlorine gas during the OPED and 
National Park Service baseline studies. Chlorine gas is not a pollutant 
normally studied in air quality programs; however, since C1 2 gas can be used for hydrogen sulfide abatement in the geothermal industry and it is a very 
hazardous and environmentally damaging gas, baseline data for it was collected 
at six locations during 1983 and 1984. The concentrations measured on the 
Rift were very low and well below industrial exposure standards and biological 
impact levels. 
Meteorology 
Wind speed, wind direction, and rainfall patterns on the Kilauea East 
Rift were studied during the baseline programs. The obvious relationship 
between these parameters and atmospheric pollutant levels necessitates their 
inclusion into any discussion of air quality. Continous wind measurements 
have been made at fifteen locations in the Kilauea East Rift area for various 
time periods~ and regular wind observations hve been made at another six 
relevant sites. Rain gages have long been maintained at a great number of 
locations on the Island of Hawaii by various organizations and individuals. 
Wind direction and speed summaries were prepared illustrating average 
daily wind speed and directions made from continuous monitoring records and 
from single daily observations. The summaries based on single daily 
observations provide a somewhat biased picture of the average wind conditions 
as regular diurnal shifts have been found to occur. 
The diurnal shifts in wind speed and direction are the result of the 
interactions of katabatic-anabatic flows (downslope-upslope mountain flows) 
and the land-sea breeze phenomenon with the prevailing trades (as they are 
deflected by the local topography). Due to these interactions, average 
nighttime wind speeds are l;wer than average daytime speeds, and wind 
directions tend to shift toward the west at night from the typical north to 
northeast daytime trade conditions. When average wind directions were 
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examined for two hour increments, the diurnal shift was very apparent. The 
occurrence of winds from the north and northeast is at a maximum in the late 
afternoon and the occurrence of winds from the west and northwest is at a 
maximum in the early morning. 
The environmental significance of the diurnal change in wind conditions 
is that there is not a single prevailing downwind point from any emission 
source, and moreover, the point of maximum impact for any given emission 
source (volcanic or anthropogenic) can be expected to shift 45° to 90° 
daily ostensibly everywhere in the Kilauea East Rift area. The lower 
nighttime wind speed coupled with the typical ground level nighttime 
temperature inversion caused by radiational cooling (a few degrees over 
several hundred feet}, suggest that atmospheric dispersion will be poorer 
during the night. 
It is clear from the summary data that prevailing winds on the Kilauea 
East Rift range from the west to the east over the •northern half• of the 
compass points depending on the exact location on the Rift. It, however, 
should not be forgotten that winds from the southerly direction do also occur 
a measurable fraction of the time. Unusual weather conditions, such as kona 
storms and tropical cyclones, can cause these southerly winds. 
Rainfall levels impact air quality. The magnitude of the •scrub-out• 
effect, the suspension of dust, and the production of spores and pollen by 
plants are all directly or indirectly dependent on rainfall. Significant 
temporal and spatial rainfall variability both occur in the Rift area. As 
previously discussed, a drought occurred during portions of 1983, and rainfall 
levels during 1984 were below normal as well. Consequently, .est pollutant 
levels measured during 1983 and 1984 were probably higher than levels that 
would be typical during wetter years if all else were equal. A high spatial 
variability in precipitation over short distances also occurs in the region 
due to orographic rainfall patterns. Average annual rainfall ranges from less 
than 19.7 inches to more than 196.9 inches in less than 35 kilometers. 
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Letter to DLNR 
DATED: 
---
Noise Monitoring Program 
Applicable Regulatory Decisions & Policies 
The Land Board•s Decision and Order of April 11th, 1986 requires that: (1) 
11 The Noise Monitoring Plan shall include evaluation of predicted noise levels 
(by simulating actual sound levels) for selected sites in the residential 
areas near the proposed drilling and testing operations in the KMER/GRS prior 
to initiating exploratory well drilling 11 , (2) that 11 the number and location of 
on-site and off-site monitor sites shall be subject to determination of DLNR 11 , 
and (3) that 11 mobile stations may be used ... 
The 0&0 further prescribes noise guidelines that are extracted from the County 
of Hawaii noise guidelines which are applicable to this project 11 Until such 
time as noise regulations are adopted by the State or County ... Finally, the 
0&0 states that the noise level monitoring and standards for project 
operations shall be applied at receptors located within nearby residental 
areas north, east and south of the project area, and that noise guidelines may 
be administratively adjusted by DLNR based on information derived in the 
initial phases of the project in order to address activities to be undertaken 
subsequent to the initial phase. 
The County of Hawaii Noise guidelines state that ..... as part of the overall 
analysis of the impacts of geothermal activities in Puna, a noise monitoring 
program will be implemented when the well drilling, testing, and production 
commence. This program should coordinate noise complaints with noise 
measurements, meteorological conditions and the type of operation which 
occurred at the well site. This data could then be used to determine if there 
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is justification to invoke more stringent noise mitigative procedures and/or 
devices, to reduce or increase the allowable residential receptor noise level 
guidelines ... 
The County guidelines also provide that the noise level measurements should 
take place at the affected residential receptors that may be impacted by the 
geothermal operation. 
Nature and Characteristics of Noises Generated by Geothermal Project 
Operations 
The primary noises associated with the development and utilization of 
geothermal resources are created by drilling of wells (power generators, air 
compressors and escaping pressurized air, pumps and portable cranes) and power 
plant operations (steam and fluid flow through pipelines including steam line 
bleeding, and operation of the turbine/generator, cooling tower fans, pumps 
and transformers). There is a considerable. body of knowledge and proven 
technical procedures within industry as to (1) the noise levels (including 
temporal) and the frequency spectra of sounds created by the use or operation 
of various motors and equipments and (2) the materials and devices that can be 
installed or used to reduce the noise levels emanating from those sources. 
This knowledge on noise levels of operating equipment combined with the 
general knowledge of the sound propagation conditions (weather/terrain) in the 
project site area can be used to predict fairly accurately the levels of 
project operations noises at various distances from the project site except in 
those instances when meteorological phenomena can cause sound to focus 
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temporarily and intermittently at random distances and directions. The 
approved Environmental Impact Statements for this project (Revised 
Environmental Impact Statement for the Kahauale'a Geothermal Project - June, 
1982, and the Final Supplemental EIS to the Revised EIS for Kahauale'a 
Geothermal project - Feb, 1986) and the testimony at the various contested 
hearings presented extensive and detailed information on the forecasting of 
project noise levels at selected receptor distances under various generic 
types of weather conditions. These forecasts indicated that the noise level 
guidelines for the County of Hawaii could be attained during development 
activities (except for well venting) at the nearest property boundaries with 
appropriate sound attenuation methodologies and devices. 
The noise levels of project operations that are measurable at a given receptor 
site depend on the strength of each noise source operating in the project 
site, the height of any source or sources operating above ground,the spatial 
relationship among all sources operating, and the sound propagation loss (or 
attenuation) that occurs along the sound transmission path between all project 
noise sources and the receptor. The rate of attenuation is directly affected 
by the distance, the weather and the characteristics of the terrain between 
source and receptor. 
The orientation and -positioning of project equipment in relation to each other 
(on and above the ground) will significantly affect project sound propagation 
and the "signature•• at the receptor of total project noises for a particular 
operation at the drilling site. As an example, noise level measurements made 
in 1981 of geothermal drilling operations in Puna showed a distinct sound-
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directivity pattern attributable to the combined additive effect of multiple 
noise sources represented by individual operating equipment items within the 
site. That is, noise from the drilling site did not radiate equally in all 
directions, but emanated substantially stronger in certain sectors due to the 
relative locations and simultaneous operation of multiple noise sources. (See 
Figure C-1). Therefore, short term measurements of an artificial or simulatea 
sound source under the meteorological conditions that exist when the 
measurements are made are not likely to represent the actual noises of project 
equipment in their operating configurations and locations (with sound 
attenuation equipment installed) within a cleared drilling site. It is also 
. . 
improbable that the existing meteorological conditions during short term noise 
simulation testing would constitute representative adverse meteorological 
conditions for the project site. 
Noise Monitoring During Drilling of Exploration Wells 
The objective of noise monitoring is to determine whether noise levels 
emanating from project operating systems have been attenuated sufficiently so 
that the combined noise level of simultaneously operating equipment will meet 
prescribed noise level standards at nearest residential receptors under the 
widest possible range of meterological conditions. Therefore, monitoring must 
occur when all project systems are operating simultaneously in their normal 
mode with attenuation devices installed and when meterological conditions 
would enhance sound propagation in the direction of the nearest residential 
receptor. 
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The initial prediction of noise levels of the drilling rig and associated 
equipment at boundary receptors is based on the characteristic operating noise 
level of each noise source at a distance of 100 feet and propagation calcula-
tions at various distances from the drilling site under various adverse 
meteorological conditions. These calculations provide the basis for determin-
ing whether additional attenuation devices/procedures will have to be applied 
to enable noise level standards to be maintained at the property boundary 
under adverse meterological conditions. This will enable each piece of 
equipment to nominally meet the county standard at the nearest receptor when 
it arrives at the project site. Additional permanent noise mitigatjon systems 
may be required in response to any unexpected pattern of unfavorable weather 
conditions that may be manifested in the project area over an extended period 
of time. In addition, total project noise levels emanating from a particular 
project site could exceed the noise standard at the property boundary due to 
unusual meterological short-term phenomena in which case temporary mitigation 
devices or measures may have to be applied, including the reorientation of 
operating equipment to adjust to the meterological condition. 
The use of a noise simulation device to represent the noise level and 
frequencies of the drilling rig and associated equipment during actual 
operations and the monitoring of the simulated noise level at various 
"'" 
residential receptors would not serve· any useful purpose since the data .,,, 
obtained would not provide reliable, predictive information on which to apply 
or modify equipment noise mitigation systems and devices. Moreover, this type 
of test would not provide sound propagation data in the short term that is not 
now available or forcastable. 
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Industry technology on noise mitigation is well- established and 
the effectiveness of that technology has been clearly demonstrated with the 
drilling of the last geothermal exploration well by Thermal Power Company in 
the lower east rift zone, where the nearest downwind residence was 
approximately! mile from the drill site. There were no reported noise 
complaints during the drilling of that well. Similar results can be achieved 
during drilling in the Kilauea middle east rift zone, in the presence of high 
density forest (which attenuates sound) and where the nearest prevailing 
downwind residential property is at a distance of approximately 7 miles from 
the drill site A1, and the nearest residence to dominant night time winds, 
when they prevail, is 1.9 miles from the drill site. 
The predicted noise levels at downwind receptors nearest the project site have 
been calculated on the basis of sound propagation models assuming (1) a base 
level of noise attenuation systems being applied to project equipments to 
limit the noise to a specific level at 100 feet and (2) the prevalence of 
various types of weather conditions that would enhance the transmission of 
sound. This data indicates that the noises associated with drilling 
operations (except for venting of the well bore) will be within the Hawaii 
County noise guidelines prescribed for the nearest residential receptor. See 
Figures C-2, C-3 and C-4, and Table C-1. 
Based on the plan to initiate exploration drilling at drill site A1, which is 
approximately 10,000 ft., or 1.9 miles, from the nearest residences that could 
be downwind of the drilling site under certain meteorological conditions, it 
is proposed that sound monitoring for drilling the first well be conducted as 
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described below pending the collection and analysis of site specific data on 
meteorological and sound propagation conditions, and evaluation of the 
effectiveness of noise attenuation systems and devices that have been applied 
in this initial phase of operations. Noise monitoring for subsequent 
exploration wells at other drill sites will be modified as may be required 
based on the result of monitoring during the drilling of the first well. 
The operator is responsible to assure that the equipments being used at the 
drilling site when located in a normal pattern relative to other operating 
systems, whether operating individually, or in combination, will not,produce 
noise levels that exceed the prescribed standards. The meteorological 
conditions between source and receptor that exists at the time of any sound 
propagation will cause a given noise source to reach the receptor at different 
levels. For these reasons, it is considered that the county guidelines which 
provide for the monitoring of project noise levels at the initiation of 
drilling will enable the noise levels to be assessed in relation to the actual 
operation occurring at the drilling site and the effectiveness of the noise 
attenuation material/devices installed or designed into the various project 
equipments. From these data, measured at selected times when meteorological 
conditions would enhance sound propagation in the direction of the nearest 
residence, a determination can be made as to whether additional sound 
attenuation materials or devices need to be applied to one or more of the 
operating systems in order to remain in compliance with the Hawaii County 
noise guidelines. 
After initial monitoring has demonstrated the general effectiveness of noise 
mitigation systems applied to the equipment used in the exploration drilling, 
-7-
selected noise monitoring will be conducted at each stage of development as 
new sites are occupied, as additional equipment and operating systems or new 
procedures are introduced into the project site and/or when an adverse 
meteorological condition exists that could cause noise standards to be 
exceeded. The purpose of the selected monitoring will be to continue to 
validate the noise propagation forecasts,and the effectiveness of the noise 
mitigation systems applied to the drill rig and associated equipment. 
A meteorological monitoring station at the project site is essential to 
accumulate data on the range of adverse weather conditions that will cause 
sound to travel further or 11 focus 11 at random points. The residential areas 
(receptors) nearest the project boundary with the potential to experience 
noise levels in excess of the country guidelines are the two residences which 
are not only closest to the initial project activity, but which are either in 
a downwind location due to the nightly drainage winds or within an envelope in 
which stagnant air conditions at the project site could cause focusing of 
project sounds into these two receptor areas. These two areas are Kaohe 
Homesteads and Upper Kaimu Homesteads, approximately 1.9 miles from drill site 
Al. During normal tradewind conditions, the nearest downwind residential 
property is at a distance in excess of 7 miles. 
Permission has been obtained from a resident in Kaohe Homesteads (the nearest 
residence to the first drilling site) to measure sound levels in their yard 
during evening hours on the day drilling begins and whenever project site 
weather conditions would indicate that sound propagation from the project site 
could be enhanced in the direction of their home. (Similar permission for 
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noise monitoring in Upper Kaimu Homestead was not granted, therefore, another 
downwind residence near the project boundary has been selected to conduct the 
same monitoring approach as for Kaohe Homesteads). Project management will 
maintain continuing communications with these residents in order to 
demonstrate (1) the effectiveness of project noise mitigation measures under 
an expanding range of adverse meteorological conditions, or (2) the need to 
modify those mitigation measures. 
As long as exploration drilling remains in the Northeastern portion of the 
subzone, it is believed that these two residential sound receptor lo~ations 
will provide an accurate indication of the maximum, audible project noise 
sound levels that could be propagated into any surrounding community. 
However, noise level measurements of the drilling rig and associated equipment 
in operation at the initial drilling site will be made to determine whether 
there are basic directional characteristics in the sound propagation pattern. 
This knowledge will then be used when drilling at other drilling sites, if 
required, by orienting the equipment layout at the drilling sites so as to 
minimize sound propagation in the direction of the nearest residential 
receptors from the new drill site. 
Detailed records will be maintained to provide the necessary data on which to 
modify the monitoring program. Records will indicate all reports of 
complaints about project noise, the name of the person(s) making the 
complaint, the project activity occurring at the time reported in the 
complaint, the meteorological conditions prevalent at the time of complaint 
and the action taken including, as may be required, sound monitoring at the 
complainant's residence by project personnel. 
-9-
A project phone number and address will be furnished to community associations 
of the communities adjacent to the project boundary prior to initiating 
project operations. As authorized in the 0 & 0, a mobile sound monitoring 
capability will be used. This will enable the operator to monitor noise levels 
at any of the nearby residences when requested or when a noise complaint is 
received. 
Alternate monitoring sites will be selected as may be necessary when new 
project sites are occupied or if noise complaints are received from any 
resident near the project. 
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Appendix D 
Letter to DLNR 
DATED: __ _ 
Attached is the report of our archaeological reconnaissance survey 
conducted within the conservation district along the access road 
alignment and the first drill site. The road alignment and drill 
site were surveyed and staked in order to identify the area to be 
surveyed which varied from two to five times the dimensions of the 
area to be disturbed as directed in the Decision and Order. 
As indicated in the survey report, there were no findings .of 
archaeological significance along the access road and first drill 
site. 
Archaeological reconnaissance surveys will also be conducted in all 
other project sites to be used as those sites are selected. A 
research design plan will be submitted for approval if an 
archaeological find worthy of preservation or removal is discovered. 
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AN ARCHAEOLOGICAL RECONNAISSANCE SURVEY 
IN THE GEOTHERr·1AL RESOURCE SUBZONE 
OF UPPER KAir1U AND r·1AKENA, PUNA, H.~WAI I 
by 
WILLIAr<t J . BONK 
UNIVERSITY OF HA~lAII AT HILO 
prepared for 
MID-PACIFIC GEOTHERMAL, INC. 
Hilo, liawaii 
February, 1988 
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INTRODUCTION 
In early October of 1907 the writer of this report received a 
telephone call from Mr. Rod Moss representing t~id-Pacific Geothermal, 
Inc. During the course of this conversation a request was made of me 
to conduct an archaeological reconnaissance survey on the property 
of the Estate of James Campbell in the Puna District, on the island 
of Hawaii. Specifically, the area to be investigated follows a pro-
posed road alignment starting one-half of a mile outside of the geo-
thermal resource sub-zone and culminating at the proposed drill site 
designated as A1 (See Map 1.) 
After receiving pertinent information on location, permission to 
enter the 1 and, as we 11 as to cross other 1 and, I received a 11 go-
ahead11 on October 20, 1987. Furthennore, I \vas asked to contact r1r. 
Nobu Santo at the offices of Island Survey· Incorporated in Hila wher~ 
I would be able to aquire a copy of the survey map as well as infor-
mation on access to the recently cleared survey line along the pro-
posed road to the well site. 
r~r. Santo was exceptionally helpful, even offering to accompany 
me through the neighboring lands to the survey start point on the 
boundary of Conservation District land. In early November we follov1ed 
through \vith this plan. After arrival at his ·recently cut survey line 
through the forest Mr. Santo returned to Hila and I proceeded to car-
ry out the field reconnaissance portion of this investigation. The 
following pages of this report provides the results of this research. 
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AREA 
The area surveyed and reported on in this report is 
in the Puna District, on the island of Hawaii. It is on 
oroperty of the Estate of James Ca."llpbell, Tax f·1ap Key: 
i-2-10:3. Here. a pl~nned access road of about 1.6 miles 
is planned to link the present Kaohe ho~estead road with 
a proposed geothermal drill site (See r·~ap 1.) ·rhe road 
corridor with an addition of a buffer on each side (north 
and south) ranging between two to five times larger than 
the road corridor, was examined in the field, In addition, 
an area of approximately two acres surroundins the pro-
posed drill site (Al) was added to the survey. 
The archaeological reconnaissance started at the Con-
servation District boundary southeast of Kaohe iio1:1esteads 
and extended into the Geotherr.1al nesource Sub-zone alan~?; 
the northeast rift zone of Kilauea Volcano. It may be fur-
ther be identified as being in the ahupua'a of Kaimu and 
r.~al<ena. 
The area is extremely rugged, with several dee~ 
cracks, crevices, vent lines and deep tree molds alan~ 
and adjacent to the proposed road corridor. Other than 
alone the line cut through the forest by the en3ineer's 
survey crew that preceeded us to the area, the recion ex-
ar.1ined is heavily covered with upland vesitation. 'O:ti 'a 
and ferns were encountered throughout the area checked. 
liapu 'u \'tas especially numerous, and these together 1·1ith 
the 'ohi'a form the upper canopy of the forest. In r.1ost 
cases this reaches 30 to 65 feet in height and effec-
tively restricts a coed deal of the sunlisht to the un-
derstory of the forest. Here other ferns such as uZuhe~ 
and vines such as 'ie'ie, form a tangle underfoot. In 
addition cuava (Psidium guajava), grasses and wild or-
chids make their appearance where sunlight filters 
through the vegetation canopy. ~hroughout the period in 
the field, the area Nas especiall~· difficult to examine, 
for once off the survey centerline already cleared by 
the enGineerins crew visual inspection was limited to 
perhaps ten to twenty-five feet. 
The study area shows an elevation ranging from a 
low of 1340 feet above sea level at the eastern start-
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ine point of the survey to a hiGh of about 1530 feet at 
the drill site on the west (~ee Map 2,) Rajnfall is 
fairly high and althou~h there is no record for the im-
mediate vicinity of the area of our concern I would ex-
pect somethint?; in the order of bet~treen 150 to 200 inchc:s 
a year. Throuehout most of the first day in the field 
rain fell almost constantly and at times very heavily. 
Low lying pockets of soil overlaying pa~oehoe produces 
sr.1all wuddy ponds of undertermined depth. In sor.1e cases 
I had to trample through these basins never really 
knowine how deep they miGht be. Fortunately I did not 
sink much more than a foot into the muck and cold water, 
Slsewhere insecure footing forced me on a number of 
occasions to slide to the bottom of an incline. Work 
under these conditions was anything but safe and secure. 
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METHODOLOGY AND FINDINGS 
Basic field data for this report was obtained 
through a procedure or technique known as a recon-
naissance survey. This is quite often the initial or 
preliminary archaeological examination. It nor~ally in-
cludes visual observation and recording while walkins 
over the area to be investigated. It includes note-tak-
inG, photosraphs where applicable, nay add other illus-
trative methods of recordinc; data, and al\rays includes 
recommendations as to archaeological sisnificance of 
the area so that it can be det err.1ined if further archae-
ological work is necessary. 
In this instance I alone carried out the ~urvey on 
the first day in the field although as previously men-
tioned I wa~ accompanied by ::r. flobu Santo. Hot·rever, 
once at tl-:.e ber;innine; of the proposed road allic;nr.:cnt · 
he left me in order to return to Hilo while I proceeded 
to exanine the road corridor, the buffer zone, the drill 
site, and the area surroundinG the drill site. A total 
of ten hours were expended on that first day in the field. 
After workins on the report I found I may not have cover-
ed the required width for the buffer zone to the north 
and south of the road corridor and I therefore returned 
a second day with my son Ken in order to insure the re-
quired coverac;e of an area "two .to five tir.1es larcer 
than the actual access road corridor." As a result, a 
total of 26 man hours, over a two-day period, was expend-
ed in field work. 
As stated in the Land Board's decision of April 11, 
1986, which set the require@ents ror the 1nvest1sat1on, 
I conducted an archaeological reconnaissance survey for 
the access road to Drill Site Al, the drill site itself, 
and a buffer zone on each side of the road corridor and 
around the drill site (See Maps.) ~hroughout the field 
exar::ination I found nothint; to indicate past use of the 
study area. In other word~ I did not find the presence 
of any hurr.an activity renains \'lithin the area that I 
investigated. In addition to the 1.6 mile transect alone 
the proposed road corridor we followed a second transect 
approxir.lately 30 to 40 feet north of the centerline and 
roughly parallel to it, and a third parallel transect 
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about equal distance south of the centerline. This ~ave 
us coverace of a corridor strip of 100 feet or more in 
width. Likewise, we investisated a similar buffer in the 
vicinity of the drill site. Here we r.mst have examined 
close to three acres of land surroundin5 the mid-point 
of the drill site. 
Previous archaeological fieldwork conducted by Paul 
H. Rosendahl, Ph.D., Inc. within the Geotherl'!!al nesource 
Subzone includes five transects north, southeast, and 
east of the area reported on in this report (IIaun, et a.l, 
1985.) In only one of these areas exarained, that of 
transect five, did field crews coge across probable 
archaeolosical re~ains. This included five to six cairns 
and mounds on the southeast SU1i1I!lit of I!eiheiahulu, sor;:c 
1.1 miles south of the nearest area covered in our 
field~·ror!-::. 
In nearby Kahauale'a a reconnaissance survey was 
conducted by Horamon (1982) l'lithout findinc anythinG of· 
archaeoloe;ical significance. Here too nosendahl .(1935) 
undertool-:: a r:1ore recent field exar.1ination and acain 
found nothinG of cultural value. Additionally, an adden-
dwa by Rosendahl to the previously mentioned report by 
Haun and otl~ers (1935) reports on the use oz."' a hel:.-
copter to ~ake a low altitude aerial ~econnais~ance oL' 
the proposed developcent area. lie landed and added a 
sixth transect to Haun's 'ilork. This transect is about 
three and a half miles west of our study area. On thi3 
trip Rosendahl also landed to exar.1ine an area adjacent 
to !faun's transect five at Heiheiahulu pu'u. 
\·ihen 'lie examine other than archaeolocical data ~·1e 
find nothing of a specific reference to the study area. 
!Iolnes (1982) mentions the u.s. Sxplorin.s Expedition of 
1840 following a trail south of and parallelinG the east 
rift zone from near Kalalua crater to Kapoho. lie also 
mentions that the forest zone of Kahauale'a was ex-
ploited for its birds and for wood gatherine. In addi-
tion, we read that the uplands of Kupahua, Kapaahu, 
Kaicu, ~akena and ~alapana were extensively 9lanted in 
abori~inal tines (Handy and Handy, 1972.) 
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SUMMARY, CONCLUSIONS Al1D REC0f·1~1ENDATIOU 
No archaeological sites, features or data sup-
porting human activity within the study area was found 
durinc; our investigation. nonetheless, I caution those 
that ~i~ht be tempted, therefore, to transfer an ex-
pectation or belief that other areas within the larser 
Geothermal nesource Subzone are also free of cultural 
remains. From an exa~ination of the liQited literature 
I would expect to find somethine, hot·rever confined the 
data. The likely location for cultural naterial co8inc 
to liBht is along or near the southern border and land: 
ir.mediately to the south. Already found here are the 
only probable sites recorded to now. ~hese are the fe1; 
cairns and nounds near the su~it of Heiheiahulu. Dat:.:. 
of a non-archaeological nature also su3cests the poss~­
bility of at least sol"!le use of the southern portion o.:· 
the proposed development area and if this be true th~n 
the reeion between Pu'u ~auka and Heiheiahulu and the 
upper Kaimu Homesteads is perhaps the more likely lo-
cation for cultural rel"!lains. 
Finally, and in conclusion, let me reiterate ~Y 
previous state~ent that no archaeological material w~~ 
found during our survey Of the area delineated in this 
report. Based on this, as well as my investi~at~on of 
the lioited literature, I find no archaeolocical si:-
nificance for the area investiGated and I therefore 
reco:7llilend no further \'torl.- be required for that area. 
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aJzupua'a 
hapu'u 
'ie 'ie 
'~lzi 'a 
pahoehoe 
pu'u 
uZuhe 
GLOSSARY OF HAWAIIAN WORDS 
A land division usually extending fro~ the u~­
lands to the sea. Go called because the bound-
ary t:ras marked by a heep (ahu) of' stones. 
An endemic tree fern (Cibot~un Sp.) common 
in many forests of Hawaii. 
An endemic woody, branchinG cli~ber (Freycine-
lli arborea) gro\vinr:; luxuriantly in forests at 
altitudes of about 1500 feet. 
A tree (:·tetrosideros r.1acropus, l\:. collina). 
Gnooth, unbroken.type of lava. As contrasted 
Nith 'a'a. 
Any kind of a protuberance. A hill, peak, 
mound, bulge, heap, knob, etc. 
All Hawaiian species of f'alse sta~horn fern 
(Dicranonteris linearis). 
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Attached is a report of a biological survey of the land areas to be 
impacted by clearing and grading for an access road and drilling 
site within the geothermal project site. The area surveyed was two 
to five times larger than the dimensions of the areas to be cleared 
for project activities. As indicated in the report, no endangered 
species were sighted along the access road and around the first 
drilling site. However, based on the survey's sighting of two 
trees being considered for listing by the U.S. Fish and Wildlife 
Service as endangered species (Bobea timonioides and Tetraplasandra) 
along or adjacent to the access road, the road will be deviated east 
of survey stakes #48 and #58 (Figure 1-A) to avoid these trees. In 
addition, the drill site, Al, will be relocated east of the 
originally designated site by 300 feet to avoid clearing an area of 
'Ohi'a a-(2) forest which contains a resident population of a native 
bird (not endangered), the Hawai'i 'elepaio. 
Biological surveys will also be conducted in all other project sites 
to be used as those sites are selected. These surveyed areas 
establish a baseline of biological data for monitoring future 
impacts that are the result of project activity. While numerous 
exotic plants are evident along the access route and around the 
first drill site periodic biological monitoring surveys will be 
conducted in these areas with particular emphasis along roads and 
clearings to assess the introduction or spread of existing exotic 
plants in and adjacent to the cleared areas and to provide the basis 
for determining the need for control measures to limit further 
spread of such plants. The results of the periodic follow-up 
surveys and proposed methods for control of exotic plants adjacent 
to areas cleared for project operations will be submitted to DLNR 
for review and approval. 
During the continuation and expansion of project activities, any 
areas encountered that are determined to be appropriate fo~ 
designation as botanical sanctuaries will be reported to the land 
owner as a basis for discussion with DLNR. 
Water Analysis. 
The D & 0 also required that water samples be collected for analysis 
prior to initiating drilling of the first well in each development 
area, and after completion of well testing. A licenced water 
quality testing laboratory will collect samples of water from 
laboratory catchment containers for analysis in the nearest 
residential area which is in a prevailing downwind direction from 
the drilling site. Results will be submitted to DLNR, the Health 
Department, and the County of Hawaii. 
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PREPARED FOR: 
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INTRODUCTION 
On 14 November 19a7 a biological baseline survey was 
conducted o£ the proposed access road and well site 1. The road 
and well site had recently been surveyed and atakedJ reference is 
made throughout this report to •stake # __ •, the surveyor's stakes 
placed at irregular intervals along the access road. Their 
locations are indicated on FIG. 1. 
METHODOLOGY 
The study covered the areas between stake # 4a <just 
outside, or east o!, the conservation district boundary> and 
stake # 67 <at well site 1>. The ornithologist proceeded in 
advance o! the botanists, to avoid undue disturbance to birds, 
and at each stake she conducted a standard a-minute census o! all 
birds seen or heard. 
The botanists surveyed an area o! 7~ to 100 !eet in width 
with its center line along the center line o! the road alignment. 
In three place• where the proposed road alignMent deviated to the 
south o! the surveyor'• line to avoid geological hazard•, 
<between stakes 4a and SO, with a deviation o! ~0 !eet at stake 
49J between •take• ~5 and ~7, with a deviation o! ~0 !eet at 
•take 56J between stakes ~a and 60, with a deviation o! 150 !eet 
at stake 59>, the center line o! the •urvey area followed the 
proposed road alignment rather than the surveyor's line. At well 
site 1 an area o£ about 500 !eet square was surveyed, centered on 
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FIGURE 1 
ROAD SURVEY STAKES 
!r) 
atake 67, i.e., an area about twice as great aa the prcpcaed area 
to be cleared £or well aite 1. All vaacular plant specie• 
encountered were recorded, and notes made c£ their abundance. 
Obaervaticns c£ vegetation atructure were made, including 
in£crmaticn en size and condition c£ dominant tree apeciea, 
extent c£ canopy cover, and nature and extent c£ the subcancpy 
and underatcry. 
RESULTS 
1. FLORA 
All apeciea c£ vaacular plant• cbaerved are liated in 
TABLE I. A total c£ 103 apeciea and varietiea were £cund, c£ 
w~ich 68 were native, <51 endemic to the Hawaiian ialanda, 17 
indigencu•, native in Hawai'i and el•ewhere>, and 35 were •pecie• 
introduced to Hawai'i by human• <3 by the Polyne•ian aettler•, 32 
•ince European contact>. 
Two specie• were encountered which are being conaidered 
£or li•ting by the U. S. Fi•h and Wildli£e Service <1980> a• 
endangered apecieat Bobea timonicidea <Hook. £. > Hillebr. 
and Tetraplaaandra hawaiienaia Gray var. hawaiienaia. 
Bobea timonioidea ia a Category 1 apeciea, one £or 
which the Service had au££icient in£crmation to aupport the 
biological appropriaten••• o£ liating, but £or which data still 
needed to be collected concerning the environmental and economic 
impact• o£ liating and deaignaticn o£ Critical Habitat. It haa 
been £ound in many place• in the Puna Di•trict in recent years. 
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Tetrapla•andra hawaiiensi• var. hawaiien•i• i• 
a Category 2 •pecie•, ~or which the Service had in~ormation to 
•upport the probable appropriaten••• o~ li•ting a• endangered or 
threatened, but ~or which •u~~icient in~ormation wa• not yet 
available to biologically •upport a propo••d rule. It i• not 
currently con•idered a high priority item ~or li•ting •ince its 
range ha• been •hown to be more exten•ive than previou•ly 
believed. 
2. VEGETATION 
The vegetation o~ the Puna Geothermal Area had previou•ly 
been de•cribed and mapped <Char and Lamoureux, 198~a, 198~b) 
Mo•t o~ the road and the well •ite are in ~ore•t 
de•cribed in earlier report• a• Wet 'ohi'a ~ore•t with native 
•p•ci•• and exotic •hrub•, and deliaited on the vegetation map• 
in Char and Lamoureux, <198~a) a• •ohia-a<2>•. Thi• ~or••t i• 
dominated by 'ohi'a-lehua <three varietie• o~ Metro•idero• 
collina>, which ~or•• the canopy layer. Tr••• are mature, 
ranging ~rom 20 to 60 ~••t in height. In •o•e place• the canopy 
i• clo•ed (>60X cover> with mo•t or all tree• healthy, in other 
place• more open and many o~ the tree• are dead. In other word• 
there are patch•• o~ 'ohi'a dieback in the ~ore•t. The more 
coa•on •ubcanopy tree• include both native •pecie•, <kopiko -
P•ychotria hawaiien•i•, kawa'u - ~ anomala, and hame 
- Antide•ma platyphyllum>, and introduced •p•cie•, <guava -
Psidium guajava and •trawberry guava - P•idium 
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cattleianum), Tree ferns <hapu'u - Cibotium glaucum and 
hapu'u 'i'i - Cibotium chamissoi> are common. The dominant 
shrub throughout the area is the introduced weedy Malabar 
melastome <Melastoma malabathricum>, but some native shrubs 
are relatively common, including kanawao <Broussaisia 
arguta>, mamaki <Pipturus hawaiiensis>, 'ohelo 
<Vaccinium calycinum>, Clermontia parviflora, and 
Cyrtandra paludosa, along with the introduced thimbleberry 
In more closed parts of the forest the 
trees, tree ferns, and shrubs support dense masses of epiphytes, 
including many ferns <listed in Table I>, mosses and liverworts. 
In more open places there are extensive patches of uluhe ferns 
<Dicranopteris emarginata and D. linearis> 3 to 8 feet deep. 
Between stakes 64 and 66 is an area where the 'ohi'a 
trees are very widely scattered and the uluhe fern is 
particularly dense. This area was described as 'Ohi'a 
woodland with uluhe, and designated as •ohia - uluhe• on 
vegetation maps in our earlier report <Char and Lamoureux, 1985a>. 
At well site one the 'ohi'a forest was composed of fairly 
small trees, 23 to 30 feet tall, with an open canopy. There was 
a dense understory of Malabar melastome <about 60X cover>. This 
area may have been used by humans in the past, since the only 
kukui tree <Aleurites moluccana> and 'awapuhi ginger 
<Zingiber zerumbet> we found were at this site. 
We noted signs of feral pig activity throughout the area, 
and encountered one sow with young during our survey. In places 
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where piga have rooted, and in amall open wet areaa where they 
have wallowed, are a number o~ introduced weeda which are uaually 
not ~ound in undiaturbed ~oreat. Theae include a ~ern 
<Athyriopaia japonica>, broomaedge <Andropogon 
virqinicua>, Cali~orniagraaa <Brachiaria mutica>, Hilograaa 
<Paapalum coniugatum), a aedge <Cyperua haapan>, 
waterpuraelane <Ludwigia paluatria>, St.3ohnawort 
<Hypericum mutilum>, drymaria <Drymaria cordata>, and 
~ireweed <Erechtitea valerianae~olia>. A ~ew amall taro 
plant• <Colocaaia eaculenta> were ~ound in aome old wallowa. 
3. AVIFAUNA 
See aeparate report by Kjargaard attached aa APPENDIX I. 
ENDANGERED SPECIES 
1. Bobea timonioidea: Two treea o~ thia Category 1 
plant were encountered. One waa juat at the conaervation 
diatrict boundary, and about ~ ~eet north o~ the aurveyor'• 
line. At thia point the road ia planned to veer aouthward, and 
i~ the curve to the aouth begin• perhapa ~0 ~eet outaide the 
conaervation diatrict line, inatead o~ right on the line, thia 
tree can be avoided. The aecond tree ia about ~0 ~eet eaat o~ 
atake 58 and about 5 ~eet north o~ the aurveyor'a line. The road 
ia planned to veer aouth atarting at atake 58. I~ the curve to 
the south were to begin perhapa 100 ~eet eaat o~ atake 58 thia 
tree can be avoided. 
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2. Tetraplasandra hawaiiensis: About hal£ a dozen trees 
o£ this Category 2 species were £ound. All but one was more than 
20 teet £rom the centerline o£ the proposed road should not be 
damaged by road con•truction. The one exception is close to the 
£irat Bobea tree, right at the conservation di•trict 
boundary, but about 10 teet south o£ the surveyor'• line. At 
thi• point the road i• suppo•ed to veer southward. I£, as 
suggested in the paragraph above, the southward curve were to 
begin slightly out•ide the conservation di•trict , instead o£ 
ju•t at the boundary, thi• tree could be avoided too • 
. 
3. Adenophoru• perien•: A •pecial search wa• made £or 
thi• Category 1 plant. We did not find any. Thi• area is below 
the elevation the elevation where thi• tern i• known to occur in 
Puna. Al•o, mo•t o£ the 'ohi'a tree• in the area are 
characterized by having bark that peel• o££ in large strip•. 
Since the•• tr••• •hed their bark regularly, they do not develop 
the den•• coating o£ mo•••• and liverwort• on their bark which 
form• the •ub•trate on which A. perien• grow•. 
4. Buteo aolitariu•: The Hawaiian hawk, or 'I'o, wa• not 
encountered during our •urvey, although it undoubtedly occur• in 
the area. The propo•ed con•truction would be unlikely to have 
significant adver•• effect• on the hawk population, unl••• nest• 
were to be de•troyed. We did not find any ne•t• along the 
proposed road or at the well •ite. 
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RECOMMEHDATIOHS 
1. Ho li•ted endang•red •pecies wer• •ncounter•d during our 
•urv•y, but thr•• tr••• w•r• found which could b• damaged by road 
con•truction. 
plann•d •outhward d•viation of th• road from th• •urv•yor'• lin• 
•hould b•gin a f•w f••t •a•t of th• place• indicat•d on th• 
•urveyor'• plan, thu• avoiding th••• tr•••· 
2. Th• ar•a now contain• a larg• population of introduc•d 
woody •hrub• and tr•••, particularly Malabar m•lastom•, 
•trawb•rry guava, and guava. It i• unlik•ly that con•truction 
activiti•• will hav• much •ff•ct on th•ir abundanc• or 
di•tribution. Howev•r, th•r• ar•. ••v•ral oth•r w••d• that could 
incr•a•• in numb•r• and b•com• mor• wid•ly di•tribut•d a• a 
con••qu•nc• of op•ning up th• for••t a• con•truction occur•. 
Th••• ar• th• •p•ci•• curr•ntly •••ociat•d with pig-di•turb•d 
ar•a•, •uch a• broom••dg•, Californiagra••, Hilogra••, 
Cyp•ru• ha•pan, and £1r•w••d. Oth•r w••d•, not nov 1n th• 
ar•a, could also •nt•r. To avoid thi• w• r•comm•nd that: 
a. road con•truction m•thod• •hould b• plann•d to 
involv• a• littl• di•turbanc• a• po••ibl• b•yond th• •dg• of th• 
road. Thi• might includ• u•ing •oil and rock• from high point• 
to fill in low •pot• rath•r than bulldozing th•m into ridg•• at 
th• •id•• of th• road. 
b. th• w•ll sit• and road margin• b• monitor•d for w••d•, 
and that appropriat• w••d control m•thod• b• u•ed on all clear•d 
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<Appropriate methods might include both mechanical 
methods and judicioua uae o~ approved herbicides auch aa weed oil 
or Roundup> • 
3. Our observations elaewhere auggeat that unpaved road 
margin• and open roadaidea are prime aitea ~or weed colonization. 
Moat weedy apeciea require high light intenaitiea to grow well, 
and auch aitea are open to ~ull sunlight. I~ auch area• are kept 
shaded they are leaa likely to be colonized by weeda. Thus as 
~ew tree• as poaaible should be be removed ~rom roadsides. 
During conatruction i~ tree• are aimply bulldozed aaide and, with 
other vegetation, rocka, and aoil are piled up into windro.ws, 
theae rubble pilea will aeon be covered with weeda. In the 
conatruction proceaa many 'ohi'a treea will be cut. The wood 
they produce may conatitute a reaource valuable enough to make it 
worth aelling and trucking the loga o~~ the aite, which would 
aigni~icantly reduce the volume o~ rubble pilea. 
that you look into the ~eaaibility o~ thia. 
4. A lot o~ good quality tree ~ern Chapu'u and hapu'u-'i'i> 
will alae have to be removed during conatruction. The fern loga 
ahould be marketable to orchid grower• or nuraeriea, and should 
more than repay the coat o~ hauling them o~~ the aite. However, 
the top foot or two o~ each fern atem, containing the apical bud, 
ahould be retained and replanted on the aite. Thia would meet 
the atate requirement that any landscaping be done with native 
speciea. More importantly, it would provide a quick source o~ 
ahade on rubble pilea and road margina, which ahould reduce the 
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weed problem. 
5. We have looked at the area around the proposed well site to 
see i£ there are nearby areaa where clearing the aite would have 
di£~erent environmental impacta. The aite now deaignated is 
an area o£ 'ohi'a a-<2> ~oreat, but juat to the eaat ia a 
more open 'ohi'a - uluhe woodland. Selecting a well aite in 
the woodland would involve cutting ~ewer tr••• than in the 
~or eat. However, the ~oreat at the deaignated site ia 
botanically degraded, with a very den•• underatory o~ Malabar 
melaatome. The uluhe £ern in the woodland ia a native Hawaiian 
apecies, which reaulta in the percentage o~ cover o~ native 
specie• being higher in the woodland than in thia particular 
patch o£ ~oreat. No rare ape~iea were ~ound in either site. 
Thua, £rom a botanical atandpoint the currently deaignated well 
site •••m• appropriate. On the other hand, there ia a reaident 
population o£ a native bird, the Hawai'i 'elepaio in the ~oreat 
aite but not in the woodland. While bird• are able to move to 
avoid construction activitiea, the 'elepaio tend• to be 
territorial in ita habit• and may not move aa eaaily aa aome 
other apeciea. It waa rare along the propoaed roadway, and the 
largest population encountered waa at the well aite. The 
'elepaio ia not liated aa an endangered apeciea. Taking all this 
into account, there ia no compelling environmental reaaon to 
ahi~t the well site a ~•w hundred feet eaatward, but you may want 
to consider thia option i£ the geology of the aite ia a• 
£avorable aa that at the currently deaignated aite. 
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TABLE l. PLANT SPECIES CHECKLIST·-
Families are arranged alphabetically within each of 
three groups: Ferns and Fern Allies, Monocotyledons, and 
Dicotyledons. Taxonomy ~nd nomenclature of the Ferns and 
Fern Allies follow Lamoureux's unpublished checklist of 
Hawaiian ferns; taxonomy and nomenclature of the flowering 
plants (Honocotyledons and Dicotyledons) follow St. John 
(1973) except where more commonly accepted names are listed. 
Ha~vaiian names used in the checklist are in accordance ,with 
Porter (1972) or St. John (1973). 
For each species the following information is provided: 
1. Scientific name with author citation. 
2. Common English or Hawaiian name, when known. 
3. Biogeographic status of the species. The following 
symbols are used: 
E = endemic =native to the Hawaiian Islands only, 
not occurring naturally elsewhere. 
I = indigenous = native to the Hawaiian Islands and 
also to one or more other geographic 
areas. 
P = Polynesian = plants of Polynesian introduction; 
all those plants brought by the 
Polynesian immigrants prior to contact 
with the Western world. 
X = exotic or introduced = not native to the Hawaiian 
Islands; brought here intentially or 
accidentally by man after Western contact. 
-' 
P\M SEOTI£~ AREA 
TABLE I. PUWT D£0<LIST: IUESS RIRl ~ lel. SITE 1 
Pige 1 
STATUS JmANICSL IAE 
ASPLENI~ 
ATHYRI~ 
I Aspleni1111 lobulat1111 Mett. 
I Aspleni1111 nidus L. 
X Athyriopsis japonica (Thunb.) Ching 
E Diplazi1111 sand•ic:hiam.~~~ (Prell) Diels 
X Blechn1111 occidentale L. 
oatmAEDTI~ 
I Microlepia strigosa (Thunb.) Prtsl 
DIO<DIACEilE 
E Ciboti1111 c:ha.issoi Kaulf. 
E Cibotillll glauc1111 (J. S..) Hook. & Am. 
~ 
E Elaphogloss1111 alatu. Saud. varo. parvisq~ !Skottsb.) Ands. & Crosby 
E Elaphoglossu. crassifoli• !Saud.> And. & Crosby 
E Elaphoglossu. hirt1111 !S..) C. Chr. varo. 1icans Oint.) C. Chr. 
E Elaphoglossu. pellucid• Saud. 
E Elaphogl0111111 ...,.. (LUB"Ss.) C. On-. 
li.EIOENIUSE 
GRAll! IT~ 
E Dicranopteris l!lllr"giftlta !BriCk.) Rob. 
I Dicranoptll"il li'IINr'iS (Ben.) Undlnl. 
E Adenophorus hy.nophylloidts !Kaulf. > Hook. & Srev. 
E Adenophorus pil'Ntifidus Saud. 
E Adenophorus tillll"iscinus !Kaulf.) Hook. I &rwv. vr. ta.aroiscinus 
E ~us tripinnati fidus Saud. 
E ar .. itis tenella Kaulf. 
IMEtiJliM.l.ACE 
E Callistoptll"is bald•inii !Eaton> Copel. 
I 6onocoNas 1inutus !Blu.> v. d. Bosch 
E Macodiu. recurvu. !Saud.> Coptl. 
E SphMI"'Cioniu. lancaolat1111 !Hook. & Am.> Cope!. 
E Sphaerocionillll obtus1111 !Hook. & AMI.) CotJil. 
pi1 ipi1 i-lau-.ana.ana,'anali'i 
'ekaha 
ho'i'o 
bltc:hnu8 ftrn 
palai, palapalai 
hiJIU'u-'i'i 
hapu'u 
'ekaha-ula, hol-a-fitaui 
'elcihl-ula, hoe-a-Maui 
' tlcJha-ula, hol-a-fitaui 
'ekah.-ula, hoe-a-Maui 
' ekiha-ula, hol-a-fitaui 
ullill 
ullill 
pai, palai-hUftl 
ltilhiJW noho-Muna 
kolokolo, llihina-lua 
'ohi1a-ku 
palai-hinahina 
Palai-lau-li' i 
Page 2 
STAT\S MTANirA. NilE 
E Vandanbosdlia cyrtotheca CHilltbr. l Cope!. 
E Vandenboschia davallioides CSaud. l Cope!. 
ll~ 
I 
LYaPODI~ 
E Lycopodi1111 phyllanth• Hook. & Am. 
MARATTI~ 
E Mirattia douglasii CPrlsll Baklr 
f£PHR€LEPI~ 
I Nlphroltpis cordi folia Cl. l Prill 
I Nlphrolepis txaltata Cl. l Sdlott 
X Nlphroltpis IUltiflora CAoxb. l Jarrett tx Marion 
IJIHI(B OS9aJIE 
E D;tioglos .. ptndul1111 L. 51tJo falcat• !Prill> ClaiiStft 
Pti.YPODI~ 
PSILOT!ai!E 
I Pltoptltis thuntltrgi~n~ Kaulf. 
I Psilot• c:a~planat• S.. 
I Psilot• c:a~planat• X nu1h• 
I Psilotu. nud• CL. > BHuv. 
SELA6IIE I ACEfE 
E S.lagintlla U'buscula CKaulf.) Spring 
n£L.YPTERI~ 
CYPER:BE 
X Dlrisitlla ct.ntata (forsk.) 8roelluy & Jtrll)' 
X C\risttlla paraitica Cl.) t..¥1. 
X Maa-othelypteris tCII'TIIiana (&iud.) Cling 
E PntuMtopteris sandltic:~~~~is <Bradt.) Holtt. 
P Colocasia tiCUll'l'lta Cl.) Sc:hott 
X CyptrUs haspan l. 
X Kyllingia brevifolia Aottb. 
I M~d~Mrina llir'iscoidts C&iud.) Kern ssp. IIYWftii CKunth) KoyMI 
palai-hihi 
pal a' a, palapala' a 
......-'iolt 
pala, kapua' i hold 
ni111'1i1 au, kupukupu,'okupukupu 
ni 1 mi 'au, kupukupu, paoho 
hairy s.ord fllnl 
'~~cJty-'lkolu, palcihakaha 
.... pipi 
hybrid.,. 
.... pipi 
kilo, taro 
kili'o'opu, kyllingia 
I uki1 I ahi-ftiU 
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STATUS IKJT~IIA 1M: 
LILI~ 
OROil~ 
E Rhynchospori liViJ"U8 S.ud. 
X Andropogon virginicus L. 
X Axonopus affinis Chile 
X Bridliil'ia •utica !Forsk. l Stipf 
X Oplis.nus hirtellus !L. l Beauv. 
X Pi5pilU8 conjugatUI Berg. 
. X PupilUI orbiculire Forst. f. 
X S.CCioltpis indica (l. l 01u. 
E Sllilu SindNic:ensis Kunth 
X Arundil'li billbusiefolia <Roxb. l Lindl. 
X Spithoglottis plicata Bl. 
ZINSI~ 
P Zing i 1111" zii"UUIbR !L. l Roscol 
APOC'1NIIDE 
E Alyxia oliv~tforwis Saud. 
AQUIRI.I~ 
E Ilex iiiOUla Hook. l Am. 
CARY~ 
lliFOSITRE 
ERI~ 
X Drylllria cordata (l.) Willd. IX R. l S. 
I Adlnost- lavtr~ia !L. l Ktzt. 
X Agtrat111 conyzoidls L. 
X Aglratu. houstonianul Mill. 
X Erechti tes valerianaefolia <Wol fl DC. 
X Eupatoriu. ripariUI 'Regll 
E YacciniUI calycinUI ~ 
!:[JIQ 1M: 
kuolahii, pu' uko' i 
br'OOBICI~ 
rlirTOW"" lNvecl CiJ"PPt griSS 
Ciliforni~grus 
honohono-kukui, bisketgrils 
uu' riilo, Hilo grus 
uu' u-laiki, ricegrHs 
6lii'MOOdgrus 
hoi-kllihiwi 
billboo orchid 
Phil i ppi I'll g1"'Und ordl id 
I i11 il 
'~i ku hiwi 
Mill 
drylllrii, pipili 
kJMI'Iillll'li 
aprat1111, ui lriohono 
igll"ltlll 
firwlld 
HMiku plllllwli 
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STATUS 
BJIHJRBI~ 
P Aleurites 10lua:ana IL.) Willd. 
E Antidesu platyphyllu. Minn 
6ESJ£RI~ 
SUTIIFERAE 
LOBEl. I~ 
E Cyrbndra paludosa S.ud. vr. inttgrifolia Hilllbr. 
E Cyrtindra paludosa S.ud. vr. ii"I"'Oirati St.John 
X Hypricllll IUtilu. l. 
E Cllr'IOfttia h..aiiensis IHilltbr.) Rock 
E Clerwriia parviflCM"a S.ud. •• &ray 
IEl.ASllltAT~ 
X M.lastou ulibithricu. L. 
MYRSIJR:EAE 
E Myrsin. lBIIriiana A. DC. 
MYRT~ 
kukui 
hut 
St. Johl'IMri 
'ohi-keplu 
E Mftrosiaros collin& IJ. R. & S. Forst.> &ray vr. gl.-...i• llrll. > Aock 'ohi 'a-lmua 
E Mftrosiaros collin& IJ.R. & S. Forst.> &ray vr. incana llrll.> Aock 'ohi'a-lmua 
E Mftrosict.ros collina IJ.R. & 6. Forst.> &ray vr. IIICr'Otlhylla Aock 'ohi'a-lmua 
X Psidiu. catU•ianu. Sabin. fOI"'II catU•ianu. str~ guava, •i•i-'ulua 
X Psidi1111 catU•ianu. SibiM fOI"'II lucid• o.g. ywllc. str...t.rTy guava, NiiNi 
X Psidiu. gUijava l. guava, ku.a 
NYCTA6It<ABE 
PIPERACEAE 
I Pisonia uallif.,.l IJ.R. & 6. Forst.> S... 
I l~igia octivalvis IJacq.) Rrvln 
X l!Digia palusiris IL.) Ell. 
E Pep..-ollia cookiana C. De:. 
E ~ia hypolltUCa Miq. vr. hypol.uca 
E ~ia latifolia Miq. 
~1•, pri.-ou willc. 
.. t ... purwliM 
'ala' ila-..i-nui 
'ala'ila-..i-nui 
'ala' ila-..i-nui 
IIJBIACEAE 
RUTACEAE 
STATUS BOTANICSI. tA£ 
I Pepaluii tltriphylli <Forst. f.) Hook. l Am. var. tetraphyl11 
X Rubus rosufolius S.. 
E Bobe1 timnioidft (Hook. f.) Hillebr. 
E Coprollll odlriCH OliVII" VU'. rockiinl OliVIt" 
E 6ouldi1 tm~in~lis !Hook. l Arn.) Hilletr. 
X Pildlrii folt idi L. 
E Psyc:hotri• ha~iiensis !Sriy) Fosb. VU'. hMiiiensis 
E PelH c:lusi~afolii Sray VU'. C:llftHb St. John l Hu. 
SAXIFRAIRBIE 
E Brousuisii ll"gub S.ud. 
liiiEU.IFERAE 
X C•ntllli Hiltic:a <L.) I.Jrbin 
URTiaall£ 
E Pipturus hilllilll'llis ~1. 
!:(110 tilE 
'ali1ala-.ai-nui 
thilbleberry 
'ihikei 
pilo, kopl 
III'IDnO 
Milt pilau 
kopiko 
alani 
Asiatic: ptiW'I)'NOI"t, pohekula 
IIIMki 
APPENDIX I 
Baseline avian survey, proposed access road and wellsite A1, 
geothermal resource subzone, Puna Forest Reserve, Puna, Hawaii. 
Maile S. Kjargaard, Volcano, Hawaii 
November 14, 1987. 
A. Methods 
I conducted standard eight minute censuses <see Ramsey and 
Scott, 1979 for methods> at designated staKe numbers from the 
conservation zone boundary to the wellsite . All birds seen or 
heard were counted during these intervals. Observations of 
unusual species or pertinent biological details made between sta-
tions were also noted. 
B. Annotated species 1 ist 
Status symbols follow Pyle <1983) 
scientific and vernacular names follow the 
ChecKlist of North American Birds <1983). 
<see attached sheet>, 
6th edition of the AOU 
FAMILY PHASIANIDAE <QUAILS, PHEASANTS, FRANCOLINS> 
Lophura leucomelana Kal ij Pheasant 
Fn 
Rare; apparantly not particularly selective about subcanopy 
composition where it occurs in the survey area since it was found 
in both major vegetation types . 
FAMILY TIMALIIDAE <BABBLERS) 
Garrulax canorus Melodious Laughing-thrush 
Fl 
Common in the lower portion of the study area; rarer in the 
less disturbed regions near the proposed wellsite. 
FAMILY TURDIDAE <THRUSHES) 
Phaeornis obscurus obscurus 
Re 
~oma~o, Hawaii Thrush 
Present in low numbers throughout, but more frequently ob-
served in the upper part of the site <stations 56-67>. 
FAMILY MUSICAPIDAE <OLD WORLD FLYCATCHERS 
Chasiempis sandwichensis sandwichensis 
Re 
Hawaii ~Elepaio 
One substantial population present at the upper part of the 
study area, otherwise rare. Vigorous low elevation populations 
of this species are no longer as common as they once were as 
recently as a decade ago. 
FAMILY ZOSTEROPIDAE <WHITE-EYES> 
Zosterops japonicus 
Fl 
Japanese White-eye 
01 
0Abundant and widely distributed, present 
types. 
in all habitat 
FAMILY FRINGILLIDAE <FINCHES, CARDINALS, HAWAIIAN HONEYCREEPERS) 
Cardinal is cardinal is Cardinal 
Fl 
One population occured in the more disturbed lower portion of 
the study area. 
Carpodacus mexicanus 
Fl 
House Finch 
Present in the lower part of the site; the occurence of this 
species appeared to be positively correlated with the presence of 
dense stands of strawberry guava. 
Hemignathus virens virens 
Re 
Haw a i i / Amak i h i 
Found in low numbers throughout 
common in the upper portion of 
vicinity of the wellsite. 
Nest construction by an individual 
stake 53. 
the site, but slightly more 
the proposed road and in the 
of this species obse~ved at 
Himatione sanguinea sanguinea 
Re 
/Apapane 
Widely 
half of the 
tion types 
stand-level 
distributed 
study site. 
which have 
dieback areas 
species as a whole. 
and common, most abundant in the upper 
Highest densities occur in all vegeta-
a healthy poopulation of Metrosideros; 
had significantly fewer native bird 
Vestiaria coccinea /I/iwi 
Rare. One questionable detection of this species occured at 
station 52. 
C. General field observations and recommendations 
1. Native bird observations were most frequent in the less 
disturbed upper portion of the study area. Within these areas, 
densities of the honeycreeper species appeared to be more corre-
lated with the vigor and density of Metrosideros than with the 
composition of the understory flora. ~Elepaio and Thrush den-
sities were probably more sensitive to the characteristics of the 
subcanopy since neither are nectivorous </Elepaio feed primarily 
on insects, while Thrush will take both fruit and insects>. 
2. Extraordinarily high mosquito densities at stations 53 
through 61 did not appear to be negatively correlated with 
presence of native forest birds. My inabi 1 ity to stand quietly 
during census pertods at these stations may be partially respon-
sibl~ ~-)• the precipitous drop in species diversity after station 
53 <though see comments below~ M4>. 
3. No Hawaiian Hawk were found in the area. However, this 
species in notoriously difficult to census in forested areas, and 
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they a~e undoubtedly p~esent he~• as the habitat is app~op~iate 
fo~ them, and the~e a~e high densities of HawK in nea~by loca-
tions <pe~s. obs.). 
4. Alien bi~d species dive~si ty declined noticibly afte~ 
station 53 <with the exception of the Japanese White-eye). The 
species that d~opped out he~e we~e those that feed p~ima~ily on 
seeds and f~uit <eg., the Ca~dinal, House Finch and Melodious 
Laughing-th~ush>, indicating that the decline may be co~~elated 
with a dec~ease in density of ce~tain food plants such as waiwi 
and st~awbe~~Y guava. 
5. This a~ea ~•mains viable as avian habitat in spite of 
invasion of nume~ous weedy plant species; such habitat in low 
elevation a~eas is becoming mo~e and mo~e sca~ce as developmental 
demands inc~ease. My p~efe~ence would be fo~ geothe~mal develop-
ment to be concent~ated in locations that have al~eady been pe~­
tu~bed ~athe~ than opening up new pa~cels of fo~est; as such is 
obviosly not an option in this case, the following ~•commenda­
tions fo~ mitigation a~e app~op~iate: 
a) If possible, deviate the ~oad away f~om ·P~esent 
avian "hot spots" such as the 'Elepaio population at stations 66 
and 67, and the vigo~ous stands of Met~oside~os in the vicinity 
of stations 60 and 61. 
b) Impact on native fo~est bi~d populations could be 
~educed by locating pow•~ plants and well sites in a~eas of 
stand-level diebacK and/o~ high alien plant species density whe~e 
native bi~d populations have al~eady been dep~essed. 
D. Raw data 
The table below gives the ~esults of 20 censuses pe~fo~med 
at designated staKe numbe~s along the p~oposed access ~oad and at 
the p~oposed wellsite, exp~essed as numbe~ of individuals of each 
species. 
SPECIES STATION 
---------------------------------------------------------------------
48 9 50 1 2 3 4 5 6 7 a 9 60 1 2 3 4 5 6 7 
LoQhu~a leucomelana 1 1 
Ga~~ulax cano~us 3 4 1 1 2 1 
Phaeo~nis ~ obscu~us 1 1 1 1 2 2 
ChasiemQis L. sandwichensii 1 4 2 
Zoste~o12s j a12on i cus 7 3 4 2 3 2 2 2 3 1 4 5 2 5 3 4 3 4 6 
Ca~di nal is ca~dinal is 1 2 2 
Ca~Qodacus mexicanus 4 1 2 1 2 
Hemignathus ~ vi~ens 1 1 1 1 1 1 1 2 1 3 
Himatione L. sanguinea 2 3 1 2 1 3 6 4 6 4 3 3 9 8 6 4 4 3 9 
Vestia~ia coccinea 1* 
*Unce~tain ~eco~d, not visually confi~med. 
3 
.. 
,. 
"" 
.f"i*<-
E. Literature cited 
American Ornithologist"s Union <1983) ChecK-list o-f North American 
Birds, ed., Baltimore, AOU. 
Pyle, R. <1983) ChecK! ist of the birds of Hawaii. "Elepaio 44:47-58. 
Ramsey, F. L., and J. M. Scott (1979> Estimating population a~.-::::,ties 
-from variable circular plot surveys. In R. M. CormacK et. al ., 
eds., Sampling Biological Populations. International Cooperativ 
Publishing House, Fairland, Md. 
4 
STATUS SYMBOLS 
RESIDENT SPECIES: NATIVE 
Re • Resident--endemic at species level: 
not extinct 
Ri • Resident--indigenous species: 
Hawaiian form not endemic: 
Ris • Resident--indigenous species: 
Hawaiian subspecies endemic 
FOREIGN OR INTRODUCED SPECIES: RESIDENT 
Fl • Foreign--long-established: 
breeding for more than 25 years 
Fn • Foreign--new introduction: 
apparently established and breeding, 
but for less than 25 years 
BREEDING SPECIES IN RAWAI'I: NATIVE: MOST INDIVIDUALS LEAVE 
BAWAI 1 I WHEN NOT BREEDING 
Bi • Breeder--indigenous species: 
Hawaiian form also breeds elsewhere 
Bis • Breeder--indigenous species: 
Hawaiian subspecies breeds only in 
Hawaiian Islands 
I VISITOR SPECIES: BREEDS ELSEWHERE: OCCURS IN HAWA!'I WBEN NOT 
BREEDING 
Vr • Visitor--regular migrant 
ENDANGERED SPECIES (*) 
An asterisk preceding the scientific name of the bird indi-
cates that the species is currently on the federal list of endan-
gered speeies (U. s. Fish & Wildlife Service 1979) • 
...o;---. ~··- -:-'-~-.. h~•. -~ .• 
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COUNTY 
Civil Defense 
Police Dept. 
Fire Dept. 
STATE 
EMERGENCY CONTACT LIST 
BUS./RES. PHONE NUMBERS 
( 808) 935-0031 
( 808) 935-3311 
( 808) 935-3311 
(808) 966-9388 
( 808 ) 961-2 211 
(808) 961-6022 
(After-hours/holidays) 
(Emergency) 
Keaau Police Station) 
(Hila Police Station) 
Ambul/Paramed/Rescue 
DLNR: Division of Water & Land (808) 548-7533/988-6541 
DOH: Pollution Investigation & (808) 548-6355 
Environmental Enforcement Branch 
FEDERAL 
Hawaii Volcanoes 
Observatory 
Hawaii Volcanoes Nat. Park 
Weather Rpt. Recording 
Volcano Rpt. Recording 
KEY PROJECT PERSONNEL 
Hawaii 
Project Site 
Gary Hoggatt 
All an Kawada 
Rod Moss 
Wyoming 
(808) 
(808) 
(808) 
(808) 
(808) 967-7328 
(808) 967-7311 
(808) 935-8555/961-5582 
(808) 967-7977 
528-3496 Drilling Supervisor 
528-3496 Administrative Coordinator 
True Geothermal Energy Co. 
521-9004 Mid-Pacific Geothermal, Inc. 
True Companies (HQ) (307) 237-9301 
Emergency Plan 
Objective. This emergency plan is designed to anticipate and plan courses of 
action to deal with possible medical emergencies and catastrophic events at 
the Kilauea Middle East rift zone geothermal project site, Figure 1, that 
could cause the health, safety and welfare of project personnel and other 
personnel present within the project site or residing near project activity to 
be seriously affected or endangered. Catastrophic events that could directly 
endanger personnel in the project site include volcanic activity (eruptions 
and lava flows, cracks and subsidence, earthquakes and faulting) fire, severe 
storms including hurricanes, and well blowouts. Natural events caul~ result 
in the failure or destruction of facilities so as to cause extended venting of 
geothermal resources in which case there could be high levels of H2S at the 
site of failure and exceedence of H2s emmission limits at property boundaries. 
Medical emergencies are anticipated to include serious injury, burns, or over 
exposure to some process or by-product (e.g., H2S) of project operations due 
to accidents, equipment or facility failure, or natural phenomena. 
Safety policies, procedures and training, discussed in Appendix A, are 
designed to minimize the chances that natural events or project activities 
will cause injury or create a health hazard. This plan outlines those steps 
and procedures that would be implemented when certain events do occur (or 
appear likely to occur) that cause or could cause loss of life, serious injury 
or health hazards to personnel within or near project activity sites. 
When there is high probability of a natural event occurring within the next 48 
hours which threatens the health and safety of project personnel or other 
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personnel near project activity, project facilities or equipment, the drilling 
supervisor will assess his current operational situation to determine, 
depending on the likely time event will occur, whether any specific activities 
should be speeded-up, terminated, reduced, delayed in start-up or modified and 
whether emergency measures should be initiated in preparation to secure wells, 
break down and/or remove equipment and evacuate personnel. Personnel on site 
would be alerted as to the threating condition and given any specific 
instruction on preparing for or executing emergency procedures. 
Management would be contacted and apprised of the situation and the actions 
taken thus far and those contemplated. All off-site project personnel would 
be contacted and given instructions to return to the site or to stand by in 
preparation to return if required. At present, there are no telephone lines 
into the project site. All communications will have to be via mobile phone. 
The County Civil Defense Office (via the County Police Department) and other 
government and private agencies that would be involved in project emergency 
actions would be apprised of the situation and the actions being taken or 
planned and whether any assistance is required or anticipated. (See Emergency 
Contact List). In the event an emergency situation threatens public health or 
safety, the County Civil Defense office will establish a command post for the 
use of all public safety officials and for liaison with project management and 
technical personnel. Civil Defense will coordinate release of information to 
the public concerning any public hazard (i.e., outside the project site). The 
drilling supervisor and project management personnel will be available on a 
24-hour basis to provide liaison with Civil Defense and provide updates on 
conditions relevant to the hazard to the public. 
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Specific Events 
1. Volcanic Activity 
In the event of an eruption or impending lava flow, the Operations 
Supervisor will be in constant communication with Hawaii Volcanoes 
Observatory (HVO) so that the immediate threat to the drilling operation 
may be assessed. Volcanic eruption reports may also be obtained from HVO 
recordings at 808-967-7977. It is important to determine how much time 
is available to secure a well that is being dr; led since the time 
required to temporarily close a well depends greatly on the depth of the 
well. The drilling industry has responded to these threats with 
technology and tools to secure wells that are in various states of 
drilling or completion in relatively short periods of time. These tools, 
commonly referred to as 11 Storm plugs .. or bridge plugs 11 are stored at the "' 
drilling site so that installation can occur on short notice in the event 
of an impending hazard. 
Depending upon the time estimate on the occurrence of the threating 
event, a plan will be executed to ensure the safety of all personnel, as ~ 
well as the security of the hole and drilling equipment. If sufficient 
time exists, steps will be taken to allow removal of expensive drilling 
·equipment to a safe location. Table F-1 lists the priority and method of 
evacuating equipment. 
Once a plan of action has been undertaken, the Operations Supervisor will 
maintain contact with HVO to monitor the development of the volcanic 
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ORDER OF' 
MOVEMENT 
1 
2 
--
3 
4 
5 
6 
7 
8 
9 
RIG ITEM 
Generator Unit 
Fuel and Fuel 
Tanks 
Air Compressor 
Mud Pumps 
Cementing Unit 
·Electric 
Logqing Unit 
'1ud Loqqer's 
Trailer 
Abatement 
Equipment 
Accumulator 
t1ETIIOD OF MOVEMENT 
Flat bed truck with winch and 
tail roller 
Tanker truck for fue 1 : Flat 
bed truck for tank 
Tractor truck without trailer 
Flat bed truck with \oJinch and 
tail roller 
Tractor truck without trailer 
Flat bed truck with winch and 
tail roller 
Pick-u!') truck 
Tractor truck without trailer 
Flat bed truck with winch ilnrl 
tail roller 
co•1r1EN'r 
Unit could be disconnected and dragged 01 
flat be<l cn1 ick 1 v. 
Puel would be numDed off onto a transfer 
tanker truck and the stora11e tank moved ,~ 
a low priority item. 
Unitg. are easily disconnected and can bl 
moved with a tractor while r)enera tor uni 
is bcinq moved. 
~ - ~ 
Unit disconnects easily after draininq n11 ,, 
to sump. 
Unit can be maintained disconnected off 
location to be transported to the site ar 
connected only when needed. 
Unit usually maintained disconnected off 
location until needed when it is transpo r ' 
to the site and connected for use. 
Unit disconnects quickly and can be movec 
at any time with oick-un truck. 
-
Unit maintained disconnected off loca t ior 
while not in use, however, when in use, 
disconnects easily. 
Disconnects quickly for easy movement. 
-
·~-------
Table 1 to 
Emergency Plan 
ORDER olY 
MOVEMENT 
10 
11 
12 
13 
14 
15 
16 
I ! 
RIG ITEt-1 
Catwalk Racks 
and Drill Pipe 
Parts House/ 
Change Room 
Doghouse/Tool-
Pushers Trailer 
and Air Com-
pressor Trailer 
Water Tanks 
Air Drilling 
Muffler 
Mud Tanks 
METHOD OF MOVEMENT 
Forklift and Flat bed truck 
Flat bed truck with winch and 
ta i 1 roller 
Flat bed truck with winch and 
tail roller/Pick-up truck. 
Flat bed truck with winch and 
tail roller 
Crane and flat bed truck 
Flat bed truck with winch and 
tail roller 
Sub-structure, Crane and flat bed trucks 
Drawworks and 
Derrick 
~ 'If " 
' "' ' I 
COMMENT 
Drill nine in hole or derrick remains on 
location. Pipe on qround can move quick! 
with forklift. 
Only connected to riq with electric wire. 
Disconnects quickly. 
Disconnects quickly for easy movement. 
Low oriorily item. 
t"later is drained to sump and tank is moved 
as a low nriority item. 
Moved as low ~riority item. 
Mud is drained to sumo and tanks moved a!; 
low oriority item. 
Low !Jriority items since they require to() 
much time to move. Sub-structure~ eleva!~ 
draw works and derrick base on pedestal 
approximately 26' above qround level. 
"' 
• ' l 
' 
l! 
event as it proceeds, to determine if the chosen plan of action should 
continue or be amended. 
The first priority response to the threat as related to in-progress 
drilling operations is concerned with the safety of all project personnel 
and near-by residents that could be impacted because of damage or failure 
of project systems and facilities. 
The next order of priority is to leave the well bore in a safe condition. 
The well bore can be isolated from the ground surface safely with the 
installation of a bridge plug or storm plug. This oilfield tool is in-
serted into the well bore on the drill pipe and set at any depth in the 
casing. The drill pipe below the plug can be safely suspended from the 
plug. The drill pipe above the plug can be unscrewed and removed or left 
in place. By installing this plug into the well bore and closing all 
surface well head valves the hole can be isolated to prevent movement of 
fluids or gases from the lower potentially productive zones to the 
surface as well as prevent surface fluids from moving down the hole. 
The bridge plug is built to withstand high pressures and temperatures and 
is available in various sizes. Drilling plans call for plugging tools 
such as these to be kept on-site at all times while drilling below the 
13-3/8" casing string. All rig personnel will be familiar with all 
aspects of running and setting these tools, so that if an emergency 
occurs the well bore can be safely secured and~isolated before personnel 
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leave the rig. These tools can also be easily removed after the 
hazardous condition has ended and drilling operations are resumed. 
All valves and well heads are tested at the factory to hold pressure at 
2,000 PSI and designed to withstand temperatures in excess of 2,500 
degrees F. compared to 2,000 degrees F. lava temperature. In the event 
that the entire well head assembly is destroyed by a massive flow, the •~ 
subsurface bridge plug would isolate the well bore from the lava. Should 
continuing volcanic activity prevent continuing operations at the site of 
an uncompleted well, the well will be properly plugged by setting the 
required cement plugs above the bridge plug. 
The last priority would be the protection of the drilling equipment. 
Certain portable pieces of drilling equipment and rig components would be 
removed and relocated to a safe area if time permits. These components 
will be selected by the supervisor at the time the threatening condition 
is manifested and depending on the status of operations at the time. 
Priorities in evacuation and the equipment that will be needed in the 
event of emergency evacuation will be updated as project development 
proceeds. Trucks and cranes necessary for a move would be prearranged so 
that they will be available in the event they are needed. 
The following sequence of operations will be followed in total or in 
part, based on the time factor allowed by the emergency condition. (It 
should be kept in mind that Hawaiian lava flows are non-explosive and 
therefore good estimates of lava flow direction and speed can be made 
when the vent is up the rift zone or above the project site.) 
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1) Assess the emergency, consulting with HVO to determine speed 
and direction of the lava flow. If the situation warrants 
immediate action, close all surface valves and evacuate all 
personnel from the location. 
2) If time permits, contact operators of cranes and trucks and 
arrange for removal of designated drilling equipment. 
3) If the emergency occurs while drilling, raise the drill string from 
bottom at least 400 feet and install the bridge plug on the drill 
string. Run the bridge plug into the well bore to a depth of 
approximately 300 feet and set and test the bridge plug in 13-3/8 11 
casing. If time allows, remove the drill string. This procedure 
requires about one hour to accomplish. 
4) If the drill string is out of the hole when emergency occurs, 
install bridge plug in the well bore to a depth of 300 feet. Set 
and test the plug, then remove the drill string above the plug if 
time permits. This procedure requires half an hour. 
5) Close all surface valves and blowout preventers to isolate the well 
bore. 
6) If time allows, remove designated drilling equip~nt with cranes and 
trucks. 
7) When safe, return to the drill site, inspect and clear well head and 
rig area, if feasible, screw on drill pipe, remove the bridge plug, 
remove bridge from drilling assembly, and resume drilling. 
2. Earthquakes 
Since no detection systems have yet been devised to predict or warn of an 
impending earthquake, .such events have to be assumed and engineering 
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design of facilities and systems planned to withstand the magnitude of 
potential earthquakes in the area with a comfortable margin of safety. 
For construction standards, Hawaii is considered to be in Zone 3. 
Regardless of design criteria, it is still possible that personnel could 
be injured in an earthquake and systems could fail or be severly damaged 
which in turn could cause injury or create a health hazard. In such 
situations, the drilling supervisor, or other personnel on the scene will 
have to take immediate action to deal with any injured personnel and to 
correct any failed system that is causing or posing a danger to the 
health and safety of personnel in the area. Procedures for evacuation of 
personnel and coordination of emergency conditions with medical 
facilities, the Director of Civil Defense, Hawaii County, and other 
agencies would follow those used for volcanic activities. 
3. Fires 
The project area is located in an area that may be susceptible to fast 
moving fires. Project personnel will be continually instructed on the 
precautions necessary to avoid creating fires or fire hazards and to be 
alert at all times for detecting and reporting fires initiated anywhere 
in the area. 
Fire suppression systems for fighting fires at and near the drilling site 
will be established. The water catchment pond will provide the means of 
fighting fires in and adjacent to the drilling site. Portable 
extinguis.hers for chemical and fuel fires will be located at several 
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locations in the drilling site. In the event of a fire, project 
personnel will take immediate action to extingish the fire or control it 
while additional fire fighting means or support can be applied. Fires 
will be reported to the Fire Department emergency number (961-6022). 
Fire fighting equipment is stationed at Keaau, with an additional fire 
truck at Pahoa. 
Should a major forest fire approach the drilling site, the drilling 
supervisor will make the same evaluations concerning current operations 
and evacuation of personnel and equipment as for an impending or actual 
volcanic eruption. In addition, special attention will be given toward 
removing materials that could cause explosions and severe hazards to 
personnel remaining in the area and intensifying of the forest fire. The 
Fire Department will be apprised of conditions at the project site 
periodically as long as the forest fire remains a threat. 
4. Blowouts and Exposure to Excessive Levels of H2s 
Should a blowout occur through the wellhead assembly or below the 
surface, the drilling crew•s first response is to immediately detetermine 
that no one was or is about to be injured as a result of the blowout and 
if so, to take quick action to render assistance. Alertness for 
excessive H2S levels is paramount and protective masks and clothing may 
need to be worn by all personnel in the area that may be exposed to 
extensive H2S levels or the hot, high pressure geothermal fluid/steam. 
The drilling crew could be subject to sudden excessive levels of H2s due 
to a blowout, or through the blooie line when drilling with air. Speed 
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is essential in rescuing an individual exposed to levels of H2s which 
could be life threatening in 30 minutes or less. Inhalation of H2S at 
levels of 500-600ppm at, or immediately adjacent to the emission point, 
could constitute such an emergency. However, any levels over 50ppm would 
be treated as dangerous and personnel safety precautions and procedures 
would be implemented while actions are taken to control/reduce the H2s 
emission levels. Should excessive emissions occur and overcome an 
individual, the emergency rescue procedures to be followed, as described 
in Tab A to this Appendix, represent practices recommended by the 
Workmen's Compensation Board, Alberta, Canada and the American Heart 
Association. The procedures were compiled and printed in publication No. 
MIO, Department of Conservation, Division of Oil & Gas, State of 
California. 
After assuring that personnel are safe from a blowout (or an event of 
excessive levels of H2S in the area), the drilling supervisor will assess 
the blowout to ascertain the cause and what immediate steps can be taken 
to contain, control or secure the blowout. Management will be notified 
of the situation so that immediate action can be taken to obtain 
technical assistance and/or special equipment as may be required. 
Similarly, if excessive H2s levels are emanating from the blooie line, 
immediate adjustments will be made in the injection of H2s abatement 
chemicals to reduce the H2S emissions to normal controlled levels. 
In the event of a blowout, downwind H2s monitors will be read as a 
precautionary measure to determine whether based on existing 
-9-
meterological conditions the H2s concentrations could be expected to 
impact residences near the project area. The Director, Civil Defense, 
County of Hawaii and the Director of the Health Department, or designated 
representative, will be notified of the blowout, the nature of the 
blowout, the levels of H2s being monitored downwind of the well, the 
current meterological conditions, estimates on what concentration levels 
are likely to exist at the nearest residential boundary, and a tentative 
estimate, if possible, of the time required to secure the blowout. 
Off-site personnel will be contacted to return to the site if required. 
Any changes in the conditions first reported to Civil Defense and the 
Health Department will be promptly reported to those agencies. 
5. MEDICAL EVACUATION. In case of an injury at an exploration well site 
during construction, drilling, or testing, there will be first aid 
services to handle minor injuries. Serious injuries that require 
immediate medical attention must be provided at appropriate medical 
centers. Assistance for these injuries will be requested via the Fire 
Department emergency number, 961-6022. The closest hospital is located 
in Hilo. An ambulance will require approximately 40 minutes to make the 
trip from Keaau to the project site. This will be the primary method of 
medical evacuation, however, other methods are available. Private 
vehicles could be utilized, however the patient would not have the 
services of a paramedic until the ambulance was met. Helicopter 
evacuation may be feasible if one is readily available in the area from 
the company or companies with which operating agreements have been 
concluded on providing such emergency service. 
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In case of serious burns, victims may have to be transported to Oahu 
(Straub Clinic) for treatment or even to a recognized burn treatment 
center such as Sherman Oaks, California. 
6. POLICY ON THE NOTIFICATION OF SUBSTANTIAL RISK 
The Toxic Substances Control Act (TACA) requires under Section 8 (e) that 
any person who obtains information that reasonably supports a conclusion 
that any chemical substance or mixture presents a substantial risk to 
health or the environment should report this to the EPA. 
To comply with these requirements, the Policy of the 11 0perator 11 , TRUE 
Geotherma 1. Energy Company, is as follows: 
Employees who acquire information that reasonably suggests that a 
chemical substance or mixture used in project operations may present 
a substantial risk to health or the environment will inform the 
operator•s Administrative Coordinator. This action should be taken • 
as soon as such information is received, without awaiting a final 
report, conclusions, or results of subsequent or confirmatory 
studies. 
The Administrative Coordinator will inform and consult with appro-
priate Environmental Affairs, Legal and management personnel and 
will coordinate all reports to the EPA. Any reporting to the EPA 
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will be done in consultation with appropriate operating company 
management. 
Copies of reports of all toxicological studies and all investigatory 
studies made relating to health or environmental concerns shall be 
evaluated in regard to TSCA §8 (e) reporting and for filing with 
other health and environmental information. 
The persons initially bringing the information to the attention of 
management will be informed of the decision on filing a notice of 
substantial risk. 
Failure to comply with the provisions of this policy could lead to 
Federal penalties under TSCA. 
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EMERGENCY RESCUE AND FIRST AID PROCEDURES 
FOR 
VICTIMS OF EXCESSIVE H2S INHALATION 
(TO BE POSTED IN A POSITION CLOSE TO THE DRILLING SITE) 
TAB A 
Appendix F 
Emergency Plan 
Rescue and First Aid Procedures 
For Victims of Excessive H2S Inhalation* 
1. SPEED IS ESSENTIAL IN RESCUING A VICTIM AND IN ADMINISTERING FIRST AID. 
2. THE RESCUER DONS SELF-CONTAINED BREATHING EQUIPMENT BEFORE APPROACHING 
THE DANGER AREA AND THE VICTIM. WHEN POSSIBLE, THE RESCUER SHOULD HAVE 
A PARTNER ON A LIFE LINE. 
3. THE RESCUER IMMEDIATELY MOVES THE VICTIM TO FRESH, PURE AIR WHILE OTHER 
PERSONNEL OBTAIN THE RESUSITATOR FOR USE ON THE VICTIM, AND CALL FOR 
MEDICAL ASSISTANCE. 
(SEE SUCCEEDING PAGES, PARAGRAPHS 4 THROUGH 13, FOR FI~ST AID PROCEDURE.) 
* These procedures represent practices recommended by the Workman•s 
Compensation Board, Alberta, Canada, and the American Heart Association. 
1 
., 
FIRST AID PROCEDuRES 
*•. Airway~ or~ 
If you find a collapsed person. del ermine if 
victim is con:;cious by shaking I he shoulder 
and shou ling "Arc you all right?" If no response. 
shout for help. Then open lho airway. If victim 
is not lying flat on his back. roll victim over. 
moving tho entire body at one time as a 
lola/ unit. 
To open the victim's airway. lift up tho 
neck (or chin) gently with one hand while 
pushing down on the forehead with the other 
to tilt head back. Once the airway is open. 
place your ear close lo I he victim's mouth: 
1111:1a Look- at the chest and stomach for 
movement. 
... Listen-for !}()Unds of breathing. 
a. Feel- for breath on your cheek. 
If none of these signs is present. victim 
is not breathing. 
If opening !he airway does not cause 
the victim to begin lo breathe spontaneously, 
you must provide rescue breathing. 
J. Breathing 
The best way lo provide rescue breathing is 
by using the mou1!1-fo-moulh technique. Take 
your hand I hat is on lhe victim's forehead and 
tum it so that you can pinch the victim's nose 
shut wt1ile keeping tho heel of the hand in 
place to main Ia in hood I il t. Your o I her hand 
should remain under the victim's neck (0!= 
chin). lifting up. 
Immediately give four quick. full breaths 
in rapid succession using tho mouth-to-mouth 
method. 
(). Check Pulse ----
Afier giving the four quick breaths. locate the 
victim's carotid pulse to see if the heart is 
•@ 1'177 Amcnc.m Hc.lfl A~~oci.llion. 
Kcprinlcd wilh pcrmi~~ion, 
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beating. To find the carotid artery. take your 
hand that is under the victim's neck and loc••t 
the voice box. Slide the tips of your index C'l'·1c 
middle fingers into the groove beside the"'' 
voice box. Feel for the pulse. Cardiac am: ' 
can be recognized by absent breathing ~':C 
an absent pulse in lhe carotid arlory in "' 
the neck. 
For Infants and Small Childre.n 
Basic life supjX)r! for infants and small chih e 
is similar to that for adults. A few imjX)rlonT 
differences to remember are given below,.. 
Airway 
Be careful when handling an infant that you 
"" do not exaggerate the backward positior )f 
the head tilt. An infant's neck is so pliable rr,a: 
forceful backward tilting rnight block 
breathing passages instead of opening lr ~ 
Breathing 
Don't try to pinch off the nose. Cover both f e 
mouth and nose of an infant or :;mall child~ 
who is not breathing. U:;e small breaths with 
1111\1 
less volume to inflate the lungs. Give one Si a 
breath every three seconds. 
Check Pulse 
The absence of a pulse may be more easily 
determined by reeling over the lefl nipple. 1114 
7. !l you CAN lind tlu.• pul.\t!, continut: rc~c.uc hrc_•.tthir• 
until vi~.:tirn revive~ or the n•o;uo;cit,tlor ·~ n•.1diPd. I [ 
ercise c.tre chi(' lo possible lun1: t:on[:(•o;lion.) Accord: 
ing to the Anwric,lll l<t•d Cross r(''iC:JC brr•athmc 
in~tructiom, you ~hould: "" 
• l{cpc.ll brc.llho; ,lhout t;.! tinwc; ol mimrlr~ lor"" .tdllll 
or 20 times ,, minute for .1 child. 
• Esl<lblish .1 rhythm. 
• If victims's stomach rio;es, pre~~ it gently to rcmov;: 
air. 
• As Plllit•nl revives, watch clo~ely. Trc.tl for .. hoc~· 
If YOI.' CANNOT find lh(' pu/.~c, tlw victim needs CPR, 
C.1rdmpulmonary l~csuscitation. CPR should be .1d-
mini~tered ONLY by ,, person properly trained and 
certified. It is too complicated to be taught from print-
ed pages ,1lonc!. 
1\ rcsusciiJlor. Photo by Murr.1y Dosch. 
;, The Pneolator is an instrument that performs artificial 
respiration with an automatic, predetermined pressure 
on inhalation, and without suction on exh.1lation. This 
most nearly represents normal respiration and has 
been selected by medical .:~uthorities as the method of 
choice in restoring breathing. 
Once the patient is breathing, the Pneolator becomes 
an effective oxygen inhalator by a simple adjustment. 
If the air passage is obstructed by mucous or foreign 
material, a warning is immediately given by a chatter-
ing of the cycling valve, and the Pneolator provides an 
aspirator for removing the obstruction. The Pneolator 
can be taken with a victim to the hospital. 
NOTE: The small oxygen bottles carried by most 
ambulances are not the type required for a 
Pneolator. The 21 cubic foot bottle of oxygen 
in the Pneolator should be checked and filled 
to capacity before all well testing operations. 
Furthermore, it is strongly recommended 
that an extra supply of oxygen (a commer-
cial tank) be kept on hand as a "standby" 
supply. 
This large oxygen cylinder can be hooked 
up to the resuscitator while it is being used 
to increase the volume of oxygen that is 
available for use should there be more than 
one victim overcome. 
Keep victim warm and quiet, but never unattended. 
1 n A person who has been overcome by H 25 gas and 
revived could go into shock. Because of this, take the 
victim to a doctor at once. Patients should be kept 
under medical observation until the doctor declares 
them fit to return to work. 
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11. !\ pat1cnt breath111g norm.1lly may be given sl1mul.:~nts 
such as tc.1 or coffee. (Alcohol is a deprcss.Jnt). 
12. If eyes are .1ffcctcd by 1-1 1 5, w<Jsh them thoroughly 
with clear water. For slight eye irrit.1t1on, cold com-
presses will help. 
13. Once a victim is removed to fresh air .mel norm.d 
resp1r.1tion restored before heJrt .:~ction cc,J<.cs, r.1p1cJ 
recovery m<Jy be expected. 
In cases of sl1ght or minor exposures, where the 
worker h.Js not been tot,JIIy unconsciou~ .111d w.lllt~ lo 
return to work <~flcr a short rest pcnod, 1t ~~ rct.oln-
mendcd that duty be postponed until the follow1ng 
day. Reflexes m.1y not have returned to norm,d, .1nd 
the person could be subJect to injuries from otlwr 
work hu.1rds. 
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